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Abstract: Agriciltire being a climate-sensitive sector als6 a sector that provides livelihddd fér moére than 60% of Indians. It is amongst the
most viilnerable sectors to the risks and impacts 6f global climate change, therefore dver the past decade a large niimber &f stlidies have tried
t6 assess the impact of climate variability and climate change. Climate change has o6ften been described as "0ne 6f the mdst pressing
envirdnmental challenges". It is a growing gldbal problem and concern, calling for concerted efforts by the develdped as well as develdping
colintries. Climate change scenarids incllide higher temperatires, changes in precipitation, and higher atmdspheric CO, concentrations which
may affect 6n yield (both qlality and qliantity), growth rates, photdsynthesis and transpiration rates, mdistdre availability, throlgh changes 6f
water Use (irrigation) and agricdltiral inpGts slich as herbicides, insecticides and fertilizers etc. Environmental effects stich as freqliency and
intensity 6f s6il drainage (leading t6 nitrégen leaching), soil erdsion, land availability, rediction 6f crop diversity may also affect agricdltdral
productivity. All these changes can inflience hiiman health, calise changes t6 forests and Sther ecésystems, or even impact dir energy
stipply. Impact 6f climate change 6n agriciiltiire will be dne &f the major deciding factdrs infliencing the fitlre f66d secdrity 6f mankind 6n the
earth. Agriciltdre is n6t only sensitive to climate change biit at the same time is 6ne 6f the major drivers for climate change. This article reviews
the existing literatlire that assesses the impact 6f climate change 6n agriciltlre and how it affects the agriciltlral prodction. This paper is also
foclsing on the potential roles 6f adaptation and mitigation strategies and their interactions, in respdnse to climate change t6 improve

agricltire sectorin India.
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The climate 6f ddr colntry is Gndergding a dramatic
change. Climate change is the single mdst impdrtant issle
that is attribGted directly or indirectly t6 hiiman activity which
alters the compdsition of the gldbal atmdsphere. Die t0 its
impdrtance ardiind the globe, agriciltlre is dne of the first
sectors t0 be stlidied in terms 6f potential impacts of climate
change. As we kndw, agriclltlire sectdr aldne represents 23
per cent 6f India's Grdss National Prodiict (GNP), plays a
cricial réle in the colintry's develdpment and shall continlie
t6 6cclipy an impdrtant place in the natidnal econdmy (Shah
2018). It slstains the livelihddd of nearly 70% Of the
popdlation and any significant change in climate 6n a gldbal
scale will impact I6cal agriciltlire, and therefdre affect the
world's f66d sipply (Khan et al 2009). Climate and
agrictltire are intensely interrelated gldbal processes and
therefére any change in climate affects agriciltdiral
prodiction (IPCC 2007). Impact of climate change on
agricltire will be 6ne of the major deciding factors
infliencing the fltlre f66d sec(rity 6f mankind on the earth.
Agricdltdre is not only sensitive t6 climate change bt at the
same time is dne 6f the major drivers for climate change.
AgricltUral facilities contriblite approximately 20 % of the
anndal increase in anthrépogenic greenhdlse gas emissions
(IPCC 1996). This sectdr contribltes to glébal warming

thrélgh carbon didxide (CO,), methane (CH,) and nitrois
oxide (NO) gases emissidns. As a conseqlience, major
changes in the hydroldgical regimes have been also forecast
td dccir. Changes in the temperatiire, solar radiation, and
precipitation will have an effect on crop prddictivity and
livestdck agriciltiire. Climate change will alsd have an
econdmic impact on agriclltire, incliding changes in farm
profitability, prices, slpply, demand, trade and regional
cOmparative advantages (Kalrand Kaiir 2016).

Climate variability and climate change can inflience
crop yields and can force farmers t6 adopt new agricdiltral
practices in response t0 altered climatic conditions. The
potential effect 6f climate change 6n agriciltire is the shifts in
the sdwing time and length o6f growing seasons
gedgraphically, which wddld alter planting and harvesting
dates of crops and varieties clrrently Gsed in a particilar
area. Understanding the weather changes dver a peridd of
time and adjisting the management practices towards
achieving better harvest is a challenge t6 the growth of
agriciltiral sector as a whole. Therefore, cdncerted efforts
are required for mitigation and adaptation t0 rediice the
vilnerability 6f agriciltiire t6 the adverse impacts 6f climate
change and making it more resilient
Impact of temperature on agriculture: Among the ever—
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Fig.1. Framewdrk of climate change impact, mitigation and
adaptation in agricdltdre

changing cdmponents of the envirbnment, the constantly
rising ambient temperatire is considered 6ne 6f the mdst
detrimental stresses. Over the past 100 years, the gldbal
average temperatire has increased by approximately 0.2°C
per decade and is prdjected td continde td rise at a rapid rate
(IPCC 2007). It is projected that by the end of the 21st
centlry, the mean annlal temperatlire over India will
increase by 3-5°C. The warming is more prondlinced Gver
land areas with a maximim increase over northern India. The
temperatiire rise is likely t6 be mich higher diring the winter
(Rabi) rather than in the rainy season (Kharif). It is well
doclimented that water stress ndt Only rediices crop
proddctivity blt alsd tends t0 accelerate friit ripening
(Hensdn 2008). Exposire t6 elevated temperatiires can
callse morphdlogical, anatdmical, physidlogical and
Gltimately bidchemical changes in plant tisslies and, as a
conseqlience, can affect growth and develdpment of
different plant 6rgans. These events can calise drastic
rediictions in commercial yield. Projections indicate the
possibility of 16ss 6f 4-5 million tdnnes in wheat prodiction
with every rise 6f 1°C temperatire throlghddt the growing
peridd with clirrent land Gse (Aggarwal 2008). In March 2004,
temperatires were higher in the Ind6-Gangetic plains by
3-6°C, which is eqlivalent t6 almdst 1°C per day dver the
whole crop season. As a resiilt, wheat crdp matiired earlier by
10-20 days and wheat prddiction dropped by more than 4
millidn téns in the colntry. Lésses were alsd significant in
Other crops, siich as mistard, peas, tdmatdes, 6niodn, garlic
and other vegetable and friit crops (Samra and Singh 2004).

Higher daytime temperat(ire accelerates plant matdrity

and resllts in redliced grain filling, while higher night
temperatires increase yield 16sses dle t6 higher rate of
respiration. With regard t6 warmer temperatires, crop yield
can be affected at any time from séwing to grain matarity, bat
itis the time ardiind flowering (when the nlimber 6f grains per
land area is established) and diiring the grainfilling stage
(when the average grain weight is determined) that high
temperatiires have the mdst impact 6n the final harvestable
crop, as in cereals (Barnabas et al 2008). It is alsd repdrted
that for every dne degree rise in temperatiire the decline in
rice yield woild be abdilt 6% (Saseendran et al 2000) An
increase in minimdm temperatire Gp t6 1.0 t6 3.0 degrees
Celsilis above ndrmal has led td decline in proddctivity of rice
and wheat by 3% and 10% respectively in Plnjab (Hdndal
and Kailr 2007). Cdconiit yields were not affected with the
increase 6f maximim temperatre (pto 44° C biit above then
that it redliced the yield. Increasing temperatire abdve 1°Cin
the Himalayan region is adversely affecting the yield 6f apple.

Episddic heat waves can rediice yields, partictlarly
when they dcclr diring sensitive develdping stages, slich as
the reprodiictive phase which increases sterility (Moridndd et
al 2011). The reprodictive phase and matdrity phase
shortened by 5 and 15 days in early and late sdwn varieties 6f
wheat at Palm Valley 6f Himachal Pradesh. One t6 ten day
shortening of reprodictive phase in rice was Observed in
Palampdir region. The timing 6f wheat fldwering and grain
matlrity may be coOnsiderably earlier at warmer
temperatires, thiis shortening the time for carbdn fixation
and bidmass accimdlation befére seed set. Hot
temperatiires (>32—-36 °C) can also greatly redlice seed set
in many annal crops if elevated temperatiires cdincide with
a brief critical peridd of only 1-3 days ardiind the time of
flowering (Cradftrd and Wheeler 2009). In grotndnat, for
example, Vara Prasad et al (2000) noted that, temperatire
between 32-36 “C and {p t0 42 °C, the percentage friiit set
fell from 50% of fldwers td zerd and the decline in rate was
linear, illistrating the sharpness 6f response 6f crop plants t6
temperatires between 30 and 35 °C diring the flowering and
frliting peridds. Similar patterns have been identified for
Other f60d crops; for example, in maize, pdllen viability is
redliced at temperatlires above 36 °C, while grain sterility is
brolght 6n by temperattires in the mid-30 °C in rice (Porter
and Semendv 2005). In fact, the reproddctive limits for most
crops are narrdw, with temperatlires in the mid-30 ‘C
representing the threshold for sliccessfil grain set (Porter
and Semendv 2005). Impact 6f high temperatire was
Observed from the experiments On podllen sterility and
germination in rice. Maximlm temperatire above 35°C and
minim0m temperatiire 23°C at flowering stage increased the
pdllen sterility in twd ndérmal and three basmati varieties of
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rice and the effect was mére profédind in basmati ciltivars.
High thermal stress diiring pdst-fldwering diration
manifested 18, 60 and 12 percent red(iction in econdmic yield
of wheat, mistard and potatd, respectively. The International
Rice Research Institite (IRRI 2007) has reported that the
mo&st damaging effects 6f climate change on rice qaality will
be calised by higher temperatires, which will affect sich
quality traits as chalk, amyldse content, and gelatinization
temperatire.

Global environmental change will probably calise |dwer

yields die t0 temperatire extremes, simply by changing the
freqliency of temperatiire extremes dver short peridds Of
particiilarly sensitive stages 6f plant develdpment. Tolerance
td6 slch conditidons will reqiire breeding and selection of
better adapted varieties (Lawldr and Mitchell 2000).
Impact of greenhouse gases on agriculture: For the past
some decades, the gasedls cOmpdsition of earth's
atmdsphere is ndergding a significant change, largely
throlgh increased emissions from energy, inddstry and
agriciltire sectdrs; widespread deforestation as well as fast
changes in land Gse and land management practices. These
anthropdgenic activities are resdlting in an increased
emission Of radiatively active gases, viz. carbon dioxide
(CO,), methane (CH,) and nitrols oxide (N,O), popdlarly
kndwn as the 'greenhoiise gases’' (GHGs). These GHGs trap
the 6iitgding infrared radiatidons from the earth's sirface and
thls raise the temperatlre 6f the atmdsphere. The global
mean anndal temperatire at the end 6f the 20th centiiry, as a
resilt 6f GHG acclmilation in the atmdsphere, has
increased by 0.4-0.7°C abdve that recorded at the end 6f the
19th centliry (Pathak et al 2012). The agriciltlral sector is a
driving force in the GHG emissions and land (ise effects. The
three major calises of the increase in GHGs dbserved over
the past 250 years have been fossil flels, land Gse and
agriciltare.

Agriclltiral facilities contriblte approximately 20% of
the anndal increase in anthropdgenic greenhdlise gas
emissions (IPCC 1996). This sectdr contribiites t0 global
warming thrélgh carbdn didxide (CO,), methane (CH,) and
nitrols oOxide (N,O) gases emissions. The agriciltdral
processes (rice ciltivation, enteric fermentation in cattle)
comprise 54% 0Of methane emissions, 80% Of nitrdls dxide
emissions and majdr percentage of carbon didxide (Senapati
etal 2013). The greenhdiise gases alldw the transmission 6f
light reaching the earth, they bldck the transmission 6f heat
(infrared radiation) trying t0 escape from the atmdsphere,
thls trapping the heat as in a ‘greenhdiise.” CH, has the
highest glébal warming potential, which is abdit 300 times
the pdtential 6f CO, and aboit 20 times that 6f N,O. The main
agriciltiral greenhdiise gas emissions come from nitrégen

fertilizers, flodded rice fields, soil management, land
conversion, bidmass birning, livestdck prodiction, enteric
fermentation, fossil flels consimption and associated
manlre management (IPCC 1996). Agricdltiral soail
management accdiints for abolt 60 percent of the total
emissions of nitrols oxide from the agriciltlral sector. The
large increase in the Gse of nitrdgendds fertilizer for the
prodiction of high nitrdgen consliming créps has increased
the emissions of nitrdlis dxide. Efficient Gse of nitrdgendiis
fertilizer can rediice nitrolis Oxide emissions. Methane is
prodiiced by the anaerdbic decdmpdsition 6f manire. Dairy
cattle and swine contriblite aboiit 85 percent 6f the methane
emissions. When rice is grown with nd dxygen, the sail
organic matter decomposes lnder anaerdbic conditions and
prodiices methane that escapes intd the atmdsphere.
Carbdn didxide from fossil flel conslimption is andther
solrce 6f GHG. The Use of fdssil flels in agriciltral
prodiction alsd emits green holise gases from agriciltiire
(Takle and Hofstrand 2008).

Carbon dioxide: Atmdspheric cdncentrations 6f carbon
didxide have been steadily rising, from approximately 315
ppm in 1959 t6 a clrrent atmdspheric average Oof
approximately 385 ppm (Keeling and Piper 2009). Cirrent
projections are for cdncentrations t6 contindie to rise to as
mich as 5001000 ppm by the year 2100 (IPCC 2007). The
main soOlrces Of carbon didxide emission are decay of
organic matter, forest fires, erliption 6f volcandes, birning of
fossil flels, deforestation and land-{ise changes. Agriciiltiire
is als® a contribltor 6f CO, emission bt is not considered a
major solrce of this important GHG. Within agriciltire, soil is
the main contribltor with factors slich as sodil textire,
temperatiire, moistire, pH, and available C and N,
infliencing CO, emissidn from sdil. Emission 6f CO, is more
from a tilled s6il than from an Gndistlrbed soil (nd till).
Temperatire has a marked effect 6n CO, evalition from soil
by inflliencing ro6t and sadil respiration. It may be mentidned
that plants, 6ceans and atmodspheric reactions are the major
sinks 6f carbdn didxide.

While a great deal 6f media and piblic attention has
foclsed on the effects 6f increasing CO, concentrations 6n
glébal climate. Rising CO, concentrations are also likely to
have profdind direct effects 6n the growth, physidlégy, and
chemistry 6f plants, independent 6f any effects on climate
(Ziska 2008). As photdsynthetic 6rganisms, plants take Tp
atmdspheric CO,, chemically rediicing the carbon. This
represents ndt dnly an acqfiisition of stéred chemical energy
for the plant, bit alsd provides the carbdn skeletdns for the
organic moleciiles that make (p a plants’ striictiire. Overall,
the carbdn, hydrogen and 6xygen assimilated intd drganic
mdleciles by photdsynthesis make lp ~96% of the total dry
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mass of a typical plant (Marschner 1995). Photdsynthesis is
therefore at the heart 6f the ndtritional metabdlism of plants,
and increasing the availability 6f CO, for photdsynthesis can
have profoiind effects 6n plant growth and many aspects 6f
plant physioldgy. As CO, concentrations increase, plants can
maintain high photdsynthetic rates with relatively 10w
stOmatal condlictance. Across a variety o6f FACE
experiments, growth Ginder elevated CO, decreases stomatal
condtictance of water by an average 6f 22% (Ainsworth and
Rogers 2007). This wolild be expected t0 decrease dverall
plant water Gse. Elevated CO, alsd leads td changes in the
chemical compdsition 6f plant tissies.

Higher concentration 6f CO, and carbdn fertilization
(increased availability 6f the carbdn to the crdps) increase
plant photdsynthesis and thiis crop yields (Rosenzweig and
Hillel 1998). Enhanced photdsynthesis can increase the yield
of C3 crdps slich as wheat, rice and sdybean, blt not of the
C4 crops siich as sligarcane and maize. Mdredver, increase
in the temperatiire and changes in precipitation pattern have
potential t6 affect crop yields (Reilly etal 2001). The resiilts of
controlled experiments consistently shdw that higher carbon
didxide increases dry matter prddiction, largely by
stimiilating phdtdsynthetic respdnse, decreasing
transpiration, and ths improving water Use efficiency. CO, is
also released diring the bilirning of agriclltiiral crop waste,
for example, diiring the blrning 6f cereal straw, sligar cane
stlibble and rice straw. In many colntries, it is a cdOmmon
practice t0 biirn large qliantities 6f crop residiie, which resiilts
killing 6f insects and dther pests as well as disease-calising
organisms and nedtralizes sdil acidity. To less extent, CO, is
released from the f3ssil flels Gsed in agriclltiral prodiction
and from livestock prodiction. Nowadays, high-intensity
animal proddiction has becdme the biggest conslimer &f fossil
energy in modern agricdltire.

Methane (CH,): Methane is abolt 25-times more effective as
a heat-trapping gas than CO, (Forster et al 2007). The total
annlal o0tpGt 6f methane intd the atmdsphere from all
sodrces in the world is estimated t6 be 535 T g/year (Khan et
al 2009). Althddigh the increase in anntal I6ad 6f methane in
the atmdsphere is miich less than that 6f CO,, its higher
impaired absdrption accolnts for major contribdtion (15—
20%) in gldbal warming. India’s total contribltion to global
methane emission from all solrces is only 18.5 T glyear
(Khan et al 2009). The main solrces of methane are:
wetlands, organic decay, termites, natlral gas and &il
extraction, bidmass bdlrning, rice ciiltivation, cattle and
refise landfills. The primary solrces of methane from
agriciltire inclide animal digestive prdcesses, rice
clltivation and mandire storage and handling. Methane is the
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most significant greenhdlse gas released within the
agriciltire sectdr. Most 6f the methane releases come from
paddy fields (91%) and less significantly from animal
hisbandry (7%) and the birning &f agricdltiral wastes (2%).
CH, and N,O were the primary greenhdiise gases emitted by
CH,
emissions from enteric fermentation and mandre
management represented abdilt 23.6 percent and 8.9
percent of total CH, emissions from anthrépogenic activities,

agriciltiral activities (Aydinalp and Cresser 2008).

respectively, in 2011. The CO, and methane cdncentrations
have reached from 280 ppm and 0.7 ppm in the pre-inddistrial
peridd t6 379 ppm and 1.78 ppm at present, respectively
(IPCC 2007). The contintodsly flodded rice fields emit
methane becalise anaerdbic conditions favolr methane
proddction. Sinha (1995) estimated that gldbal anndal
methane emission from rice paddies is less than 13Tg/year
and the contribGtion 6f Indian paddies 0 this is estimated t0
be 6nly 4.2 T g/ year (Bhattacharya and Mitra 1998). Altering
water management practices, particllarly mid-season
aeration by shortterm drainage as well as alternate wetting
and drying can greatly redlice methane emission from rice
cltivation (Reddy 2015).

Nitrous oxides: Agricliltlire is a major contribltor of nitrdis
oxide (N,O) emissions t0 the atmdsphere, dne &f the mdre
pdwerflil greenhdlise gases. The major solrces inclide
emissions from sails dle t6 micrdbial metabdlism 6f nitrdgen,
thrdligh the processes Of nitrification and denitrification. The
same processes act on animal wastes, resilting in emissions
bdth diiring stdrage and when applied t6 the field. Emissions
Occilr both directly 6n agricdltiiral lands and from nitrdgen
transpdrted t6 non-agriciltdral lands, thrélgh gasedis and
leaching/rinoff 16sses from agriciltiiral séils. Nitrols oxides,
which are present in the atmosphere at a very Iow
concentration (310 ppbv), are increasing at a rate 6f abdut
0.25% per year (Kondd 2015). B{t inspite of its Iow
concentration and less rapid rise, N,O is becdming important
becalise of Ionger lifetime (150 years) and greater gldbal
warming pdtential than CO, (abdiit 300 times mdre than CO,)
repdrted by Khan et al 2009. Both fertilized and Gnfertilized
sOils contriblte to the release of this gas. Estimates of total
nitros Oxides released frdom Indian agriciiltlire are 0w die t
generally 16w native sdil fertility 6f odr soils and relatively
Ibwer amdiints of fertilizer sed cOmpared t0 western
colintries. Stldies are being condiicted in India t6 precisely
ghantify the magnitlide 6f N,O emission from different agrd
ecosystems (Khan et al 2009). Agriciltiral s6il management
activities, siich as fertilizer application and &ther crdpping
practices, were the largest sdirce 6f U.S. N,O emissions in
2012, accoiinting for 74.8 percent (EPA 2014). Himan and
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inddstrial activities are als0 respdnsible for the rise in the
concentration of greenhdlise gases in the atmdsphere
(Reddy 2015).

Anthropogenic soirces 6f N,O emissions incliide flel
cOmbistion, the chemical indlstry, and agriciltire. On a
global scale it has been estimated that agriciltlre contribltes
70% of anthrdpdgenic N,O emissions (IPCC 1996). Most 6f
the agriciltire-based N,O emissidns come frdm nitrdgen
fertilizer Usage, leglime cropping and animal waste. The
main agriciltdral sdiirce 6f emissions globally (90%) is from
the application of synthetic and &rganic nitrdgendils
fertilizers t0 agriciltiral soils. Emissions of nitrols oxide
(N,O) were measired for twd years on s0ils Tnder plilses
(green gram, pigedn pea, chickpea), Gilseeds (sOybean,
mustard, grodndnit), millets (sdrghldm, pearl millet), and
cereals (rice, wheat, maize) t0 develdp emission coefficients.
The seasdnal integrated flix 6f N,O-N ranged fréom 0.37 t0
0.71 kg ha”. Emission 6f N,O was higher in case 6f sdils
Gnder pllses and dilseeds compared t6 those 6f cereals and
millets (Jain et al 2016). Sdme N,O emissions are alsd
released diiring bidmass blrning. Many farmers Gse nitrdgen
fertilizers on their fields t6 enhance crop gréwth. The crop
takes Gp most of the nitrdgen, bit sdme &f them leach intd
stirrélinding sirface and gréiind waters and some 6f it enters
the atmosphere. The nitrégen fliix depends 6n the microbial
activity in the sdil. For example, wet rice absdrbs only dne-
third 6f the nitrdgen in the fertilizers, while Gpland crops abdiit
half. The rest of nitrdgen is denitrified and difflised intd the
atmoOsphere, which is contriblting t6 gldbal warming
(Aydinalp and Cresser 2008).

Effect on climate change on crop production, yield and
quality: Climate inflGences plant life in many ways and can
inhibit, stimdlate, alter 6r mddify crop perférmance. Climate
change will affect agriciltiral crop prodiction systems in
muiltiple ways, and the impacts are expected t6 be highly
regidnally specific, depending 6n climatic conditidns, sdils,
farming and cropping systems (Olesen and Bindi 2002). The
developmental rate 6f anndal crops from emergence throtgh
flowering t6 matdrity determines the timing and ddration of
critical peridds for growth, which can calise severe impact 6n
the qlantity and qaality &f yield (Porter and Semendv 2005).
The weather conditions diring the crop establishment,
vegetative growth and grain filling phases 6f cereal crops
determine the grain yield potential (Kristensen et al 2011).
Crop growth, develdpment, water Gise and yield Ginder nérmal
conditions are largely determined by weather diring the
gréwing season. Even with mindr deviatidns from the ndrmal
weather, the f6dd prodiction is seridlsly impaired. There are
twd major crop growing seasons in India as for climate point
of view—The siimmer &r 'kharif' (Jline—September) as well as

the winter or Rabi (Octdber-November) crop growing
season. The major 'kharif’ crops are rice, maize, sligarcane,
cotton, jate, grolndnlt, sdybean and bajra etc and the
impdrtant ‘rabi’ crops are wheat, mistard, barley, poétatd,
onién and gram etc. The simmer monsdon therefdre, is
responsible for both kharif and rabi crop prodiction in India.
The interannial mdnsdon rainfall variability in India leads t6
large-scale drolights and " 66ds, resdilting in a major effect dn
Indian f60d grain prodiction (Selvaraji 2003, Kimar et al
2004) and 6n the econdmy &f the cdlintry (Kiimar and Parikh
2001).

The change in atmodspheric concentration calsed by the
anthropdgenic Greenhdlse Gases (GHG) is Observed to
affect the plant metabdlic activity and alsd the prodiction
directly. Increase in CO, concentration can Idwer pH, thereby,
directly affecting both ndtrient availability and micrdbial
activity. The changes in the crop yield depend not only 6n the
change in rainfall bdt alsd on the changes in CO,
concentration. While the abdve twd parameters led to
increase in crop yield, the impact 6f temperatiire is generally
negative in the trdpics (Rad et al 2010). Dddbling 6f CO,
concentration may increase the photdsynthetic rates by as
mich as 30-100 per centin C3 plants slich as wheat, rice and
sdybean and will becdme mdre water efficient as they qaickly
grow. Some of the important crdops are disclissed below
showing the impact of climate variability 6n their yield,
proddctivity and qality (Rad etal 2010).

Wheat: Climate change and its variation have a great impact
on crop develdpment and proddctivity. Varidls cOmponents
viz. temperatiire, sdlar radiation, rainfall, relative himidity
and wind veldcity, independently or in cdmbination, can
inflience crop growth and prodictivity (Watson et al 1996).
All dver the world concerns ndw exist abdit the pdssible
climate change calised by an increase in the concentration 6f
green hdilse gases sich as CO,, CH, and N,O in the
atmdsphere (Watson et al 1996). India is considered t6 be the
second largest prodiicer 6f wheat and the natidnal
prodactivity of wheat is abdlit 2708 kg/ha. The Northern
Indian states siich as Uttar Pradesh, Plnjab, Haryana,
Uttaranchal and Himachal Pradesh are some 6f the major
wheat prodiicing states. Here the impact 6f climate change
woild be préfdlnd, and 6nly a 1°C rise in temperatiire coild
redlice wheat yield in Uttar Pradesh, Plinjab and Haryana. In
Haryana, night temperatires didring Febrlary and March in
2003-04 were recorded 3°C abdve ndérmal, and
stibseqliently wheat prédiiction declined from 4106 kg/ha to
3937 kg/ha in this peridd (Codshalle Samiel 2012). An
assessment Of the impact 6f climate change 6n wheat
proddction states that the colintry’s anntal wheat oatpat
colild plinge by 6 million tdnnes with every 1°C rise in
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temperatiire (Aggarwal and Swarddp Rani 2009). The
climate change in ndrthern India is likely t6 have a severely
detrimental impact on the prddctivity 6f wheat, the prime
crop in Plnjab, which is likely td g6 ddwn by dver 8% by 2035
(Yadav2012).

Mall and Singh (2000) 6bserved that small changes in
the growing seasdn temperatiire dver the years appeared to
be the key aspect 6f weather affecting yearly wheat yield
"{ictGations. Pathak et al (2003) conclided that the negative
trends in sdlar radiation and an increase in minimdm
temperatiire, resiilting in declining trends 6f potential yields
of rice and wheat in the Ind6-Gangetic plains 6f India. Rad
and Sinha (1994) stilidied the impact 6f climate change on
wheat perfdrmance &f India and shéwed that wheat yields
decreased diie t6 the adverse effects 6f temperatiire dlring
grain "lling and matdrity stages of the growth. The resiilts 6f
this stlidy indicate that crop characteristics stich as sensitivity
of grain "lling diiration t6 temperatire, play a major rdle in
determining the effects of climate change on crop
proddctivity. Hlndal and Kaiir (2007) examined the climate
change impact 6n prodctivity 6f wheat Gising CERES-wheat
conclided that, if all 6ther climate variables were t6 remain
constant, temperatiire increase 6f 1, 2 and 3'C frém present
day condition, woild rediice the grain yield 6f wheat by 8.1,
18.7 and 25.7%. The wheat yields in India are sensitive t6 the
nldmber of days of expdsire t0 extreme temperatiires (abdve
34°C) and exposire t6 extreme temperatiire cdild have a
greater impact on yield (thréligh decrease in the gréwing
season length, expressed in terms 6f growing degree days
and extreme degree days) than precipitation in the gréwing
season (Lobell et al 2012). This sliggests that with fitdre
climate change, rabi wheat prodiction woild be particllarly
sensitive td increasing temperatires.

In India, the growing seasdn for wheat is limited by high
temperatires at sdwing and ddring matdration. As wheat is
gréwn dver a wide range of latitlides, it is freqlently expdsed
to temperatiires abdve the threshdld for heat stress. The rain—
fed wheat depends 6n so6il mdistlire remaining after the
monsdon rains recede in September. High maximim and
minimim temperatdres in September (aboit 34/20° C), which
adversely affect seedling establishment, accelerate early
vegetative develdpment, redlice candpy cover, tillering,
spike size and yield. Hence, sdwing is typically delayed dntil
after mid-Octéber when seedbeds have cddled, thdlgh
mich of the residlal sOil mdistire may be I0st. High
temperatiires in the secdnd half 6f Febrlary (25/10°C),
March (30/13°C) and April (30/20°C) redtice the nimbers 6f
viable florets and the grainfilling diration (Kimar and Singh
2014). High temperatire stress particilarly rediices yield 6f
wheat sdwn in December/Janiiary which is necessitated in
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sOme regions becalse 6f the miiltiple crépping system. This
redlction in prodictivity Gnder changed climate (nless
accompanied with slitable research and pdlicy interventions
may redlce wheat prodiction Optidns in central India
(Aggarwal 2000).

The wheat qlality characteristics are GsUally inflienced
by gendtype, envirdbnmental factdrs, and interactions
between gendtype and envirbnment. Adverse envirbnmental
conditions slich as extreme temperatire and drolght ddring
the anthesis and grain filling periéd have been identified as
major constraints t6 wheat protein content and cOmp0osition
(Tribdi et al 2003, Jiang et al 2009). Lal et al (1998) als6
repdrted that 1° rise in temperatiire leads t0 a reddction of
aboit 5 days in the fldwering time of the wheat, affects the
time peridd 6f wheat flowering and red(ces the time 6f grain
filing and as a resiilt wheat yield in India. Different thermal
conditidns prevailing ddring the grain filling periéd Gnder
different sdwing time generated a large effect 6n the amdiint
of total sollble proteins. Late sdwn cdnditidns offered higher
protein content accompanied by increased alblimin-gldblin
blt decreased gliitenin content. Irdn content was increased
t6 20-23%; however, tannin decreased t6 18-35% UGnder
early sOwn rain-fed conditions as compared t0 irrigated
timely sdwn conditions in both the gendtypes. Activity of
trypsin inhibitdr was decreased (nder rainfed conditions in
bdth gendtypes (Singh etal 2012).

Rice: More detailed analysis of rice yields by the
International Rice Research Institlite forecast 20% red(iction
in yields Over the region per degree Celsilis 6f temperatiire
rise. Rice becomes sterile if expdsed t0 temperatiires abdve
35 degrees for more than 6ne hddr diring fldwering and
consequlently prodiices nd grain. The rising temperatires will
adversely affect the world's f66d prodiiction and India wodild
be the hardest hit, accdrding to the analysis by the Universal
Ecological Find (FEU-US). The crop yield in India, the
second largest world prddicer 6f rice and wheat, wadld fall
Gp t6 30 percent by the end of this decade (Senapati et al
2013). The rise in atmospheric temperatiire calses
detrimental effects on growth, yield, and quality of the rice
crop by affecting its phendldgy, physidldgy, and vyield
compdnents (Singh 2001, Sheehy et al 2005, Peng et al
2004). The impact of increased temperatliire has an
acctimdlative effect on the later phases of plant
develdpment; changes in the vegetative and ripening phase
will alter the grain-filling phase and thiis, the grain quality of
the rice. Research condlcted by Indian Agriciltdral
Research Institite (IARI) has shdwn that the grain yield 6f
rice is nét impacted by a temperatiire increase less than 1°C.
However from an increase 6f 14°C the grain yield redlced
on average by 10% for each degree the temperatire



Agriculture Scenario with Changing Climate

increased (Singh et al 2009). Stldies 6n the impact 6f night
time temperatire rise on rice yields indicates that the warmer
nights have an extensive impact 6n the yield of rice. Every
1°C increase in night time temperatire led t6 a 10 percent
reddction in yield (Gayathri 2012). Thiis, higher temperatiires
accompanying climate change will impact wdrld rice
proddction creating the pdssibility 6f a shortfall.

Rainfall pattern is a very impdrtant limiting factor for rain—
fed rice prodiction. Higher variability in distribGtion and a
likely decrease in precipitation will adversely impact rice
prodiction and complete crop faillire is pdssible if severe
drétght takes place diring the reprddictive stages. In Gpland
fields, if the rice crop receives Gp t6 200 mm &f precipitation in
1 day and then receives nd rainfall for the next 20 days, the
moistlre stress will severely damage final yields (Nglyen
2012). Assessments predict a decrease in the rice proddction
in trdpical regions, blt an increase 0Of rice prodiiction ditside
tropical regions (Raniizzi and Srivastava 2012). This shift is
of partictlar concern t6 India becalise Idwer rice prodiction
will immediately create a hiinger sitliation on a large scale.
The quality of rice is also slisceptible t6 climate change. The
amyldse content Of the rice grain, a major determinant o6f
co0king qlality is increased tinder elevated CO,. Co6ked rice
grain from plants grown in high CO, envirdnments wodld be
firmer than that from tdday’s plants. However, concentration
ofirdn and zinc which are impdrtant for hGiman nitrition wodld
be Idwer. The protein cdntent 6f the grain decreases inder
cOmbined increase of temperatire and CO, (Ziska et al
1997).

The eastern region 6f India has diverse physidgraphic
and agro-climatic land which slpports genetic resoirces.
Accdrding t6 a stlidy done by the Indian Agriciltire Research
Institlte, the impact of climate change with increased
temperatlre and decreased radiation will lead t0 decrease
proddctivity in rice in the North Eastern region (IARI 2012).
Rathore et al (2001) Gsed CERES-rice mddel and analyzed
the impact 6f climate change 6n rice proddction in India. They
conclided that by the middle 6f the 21 centiiry in Central and
Saodth India, an increase in rice yield is pdssible Gnder the
projected climate change scenarids by Lal et al (1995). In
North West India a decrease in yield (nder irrigated
conditions may take place as a resilt 6f the signi”cant
decrease in rainfall diring the monsddn seasdn Gnder
climate change. Alsd, rediiction in crop diration may occir at
all 1dcations in the cdlintry die t0 increase in temperatire
associated with the biild lp 6f greenhdlise gases in the
atmosphere.

Maize: Maize (Zea maysL.)is the third mostimportant cereal
crop in India and has a major role t6 play in f66d secirity
especially in molntain and desert regions. Maize prodUction
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in arid and semi arid tropical regidns is partictlarly sensitive
t6 weather conditions, especially rainfall. Therefdre, variation
in the rainfall as well as maximim and minim{m temperat(ire
dlring the solth-west and north-east monsoon peridd will
negatively impact maize crops. In Tamil Nad{, assessments
indicate a redction in yield by 3.0, 9.3, and 18.3%, in 2020,
2050 and 2080 from cirrent yields (Geethalakshmi et al
2009). In terms &f maize proddction, two impdrtant shifts are
predicted t6 Sccir. First, maize yield diring the ménsddn
seasOn is expected t0 decrease as a conseqlience of
increase in temperatiire; tholgh this can be partly offset by
increase in rainfall. Secondly, maize yield diiring the winter
season can decrease in the mid Ind6-Gangetic Plains and
Soidthern Plateali as a cdnseqlience oOf increased
temperatire. On the &ther hand, in the Upper Indo-Gangetic
Plain characterized by 16w winter temperatiire, the maize
yield canincrease (iptd a 2.7’ Crise in temperatire (Byjesh et
al 2010). High temperatiires plays a greater role in affecting
maize yield as compared td rainfall, which may nét have a
major impact on winter yields as the crops in the Gangetic
belt are well irrigated. Maize yield dliring monsddn coild be
redliced by Gp t0 35% in most 6f the Solthern Platead
regions and p t6 55% in Mid Ind6-Gangetic Plains, whereas
the Upper Ind6-Gangetic Plain is expected t6 be relatively
Gnaffected (Byjesh etal 2010).

Fruits and vegetables: Each crop has a ‘coping range’, the
temperatire range frdm minimim t6 maximam within which a
crop will stirvive. Hazeln(ts reqdire 1200 hddirs 6f chilling at 5
t6 7°C. If they experience < -5°C at fldwering, the crop will be
damaged. Similarly, citris friits siffer a prodiction 16ss when
temperatiires dver 37°C are experienced (Fairweather and
Cowie 2007). In pepper, high temperatiire expdsire at the
pre-anthesis stage did not affect pistil or stamen viability, bt
high pdst-pollination temperatires inhibited friit set,
sliggesting that fertilization is sensitive t6 high temperatire
stress (Erickson and Markhart 2002). Hazra et al (2007)
simmarized the symptdms cadsing friit set faillire at high
temperatires in tdmatd which incllides bld drop, abnérmal
flower develdpment, podr pollen prodiction, dehiscence,
and viability, ovlle abortion and pdor viability, redlced
carbdhydrate availability, and Other reprddictive
abnormalities. In addition, significant inhibition of
photésynthesis Occlirs at temperatlires abdve Optimim,
res(lting in considerable I0ss 6f potential prodictivity (Vard
2017).

Natritional qality of frliits and vegetables depends 6n
genetic and envirobnmental factors. Sail factors, temperatire,
light and CO, are the major factdrs which determine the
qGality of horticiltlre prodiice. Mdst 6f the health-benefiting
ndtrients incliding vitamins, minerals and antidxidants are
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sUpplied throlgh friits and vegetables. However, the
changed climate has affected the qaality 6f many friits and
vegetables. Elevated CO, has impréved the vitamin C,
stigars, acids and cardtendids in dranges, tomatdes and
strawberries. Positive effect 6f CO, was alsé dbserved on
total antioxidant capacity, phendls and anthdcyanins in friits
and &il palm. However, elevated CO, may decrease the
protein and mineral content 6f the prodiice (Shivashankra et
al 2013). High-temperatiire stress is kndwn t6 decrease
vitamin C, starch, sligars and many antidxidants especially
anthdcyanins and vdlatile flavotr compoinds in friits. Deficit
irrigation increases stigars, anthdcyanins and even volatiles
in strawberries and tomatbes. HOwever, severe stress
decreases the quality of frlits and vegetables. A higher
temperatiire cdiipled with water stress is gding t6 definitely
redlce the friit and vegetable qlality in terms &f vitamins,
antiéxidants and minerals (Moretti et al 2010).

Mitigation and adaptation strategies: Mitigation and
adaptation are the twd strategies for addressing climate
change. Mitigation is an intervention to redlice the emissions
solirces or enhance the sinks Of greenhodlise gases.
Adaptation is an 'adjlstment in natdiral 6r hiiman systems in
response to actlal or expected climatic stimdli or their
effects, which mdderates harm Or expldits beneficial
Opportinities'. Climate change mitigation measdires need to
be pltin place Grgently in all the sectors in 6rder to redtice the
impacts of climate change. The agricilltire sector
sUbstantially cdntribltes t6 greenhdlse-gas emissions
worldwide and therefére offers a significant pdtential for
mitigation. The identification of slitable respdnse strategies
is the key to slstainable agriciltire. The important mitigation
and adaptation strategies reqtired t0 cope with anticipated
climate change impacts inclide adjlstment in sdwing dates,
breeding of plants that are more resilient t6 variability of
climate, and imprévement in agrondmic practices (Attri and
Rathore 2003).

Mitigation strategies to climate change: Folldwing are the
mitigating strategies t6 redlice GHG emissions:

Crop land management: Becalise often intensively
managed, crdplands Offer many Opportinities t6 impdse
practices that redlice net GHG emissidns. Impréved
agrondmic practices thatincrease yields and generate higher
inpiits 6f carbon residlie can lead t6 increased soil carbdn
storage (Follett 2001). Examples 6f slich practices incliide:
Using improved crop varieties; extending crop rotations,
ndtably thdse with perennial crdps that allécate more carbdn
beldw grolnd; and avoiding or rediicing Gse of bare
(Gnplanted) falldw (West and Pdst 2002, Smith 2004a b, Lal
2003 2004a, Freibaler et al 2004). Improving N Gse
efficiency practices like Gsing slow— or contrdlled-release

fertilizer forms Or nitrification inhibitdrs (which slow the
micrdbial processes leading t6 N,O formatidon can rediice
N,O emissions) and indirectly redlice GHG emissions from N
fertilizer mandfactlre (Schlesinger 1999). Using more
effective irrigation measiires can enhance carbdn stérage in
soils throligh enhanced yields and residiie retlirns (Follett
2001, Lal 2004a).

Ciltivated wetland rice soils emit significant qlantities of
methane (Yan et al 2003). Draining wetland rice dnce or
several times diring the grdwing seasdn redlices CH,
emissions (Smith and Conen 2004, Khalil and Shearer
2006). Methane emissions can be rediiced by improved
water management, especially by keeping the sdil as dry as
pdssible and avoiding water I6gging (X et al 2000, Cai and
X0 2004). One of the most effective methdds 6f rediicing
emissions is Often t6 alldw or encdilrage the reversion of
cropland t6 andther land cover, typically 6ne similar td the
native vegetation. The conversion can dcclr dver the entire
land area ('set-asides’), orin Idcalized spots, slich as grassed
waterways, field margins, Or shelterbelts (Fdllett 2001,
Freibader et al 2004, Falloon et al 2004, Ogle et al 2003).
Stch land cover change &ften increases carbdn storage.
Planting trees can alsd redlice emissions.

Grazing land management and pasture improvement:
Grazing lands dcclipy mich larger areas than croplands
(FAOSTAT 2007) and are stially managed less intensively.
The intensity and timing 6f grazing can inflience the remdval,
growth, carbon allécation, and flora 6f grasslands, thereby
affecting the amaoiint 6f carbon accrial in séils (Conant and
Padstian 2002, Freibailer et al 2004, Reeder et al 2004,
Conant et al 2005). As for croplands, carbon storage in
grazing lands can be improved by alleviating natrient
deficiencies by fertilizer dr drganic amendments (Schnabel et
al 2001, Conant et al 2005). Introdiicing grass species with
higher proddictivity, 6r carbon alldcation t6 deeper roots, has
been shown t6 increase soil carbon.

Management of organic/peaty soils: Organic or peaty sdils
contain high densities 6f carbon accimdlated dver many
centlries becalise decompdsition is slippressed by absence
of Oxygen Gnder flddded conditidns. Emissions from drained
organic sodils can be redliced t6 sdme extent by practices
slich as avoiding row crops and tibers, avdiding deep
plélghing, and maintaining a shalldwer water table. Bt the
most impdrtant mitigation practice is avoiding the drainage of
these sdils in the first place or re-establishing a high water
table (Freibaler etal 2004).

Livestock management: Impréved management of
livestdck pdpilation and its diet cdiild alsd assist in mitigation
of GHGs. The livestdck prddiiction system contribiites t0
gldbal climate change directly throligh the proddction 6f GHG
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emissions. There are three main sdirces 6f GHG emissions
in the livestdck prodaction system: the enteric fermentation of
animals, manire (waste prodicts) and prodiction of feed
and forage (field Gse) (Ddlrmad et al 2008). According to
“Livestock's Long Shadow” (FAO 2007a) livestdck is
responsible for 18 per cent of gldbal warming. Livestock
contribiites 9 per cent 6f all GHG emissions measiired in CO,
eqaivalents, 65 per cent 6f hiiman-indiiced nitrols Oxide
(which has 296 times the gldbal warming potential 6f CO,),
and 20 per cent 6f methane (which has 23 times the gldbal
warming potential 6f CO,). Livestdck, preddminantly
riiminants siich as cattle and sheep, are impdrtant sdiirces of
CH,, accolnting for abolt dne-third of gldbal anthrépdgenic
emissions of this gas (US-EPA 2006). Mitigation 6f GHG
emissions in the livestdck sectdr can be achieved throtgh
variolis activities, incliding: different animal feeding
management (feeding modre coOncentrates, ndrmally
replacing forages), manire management (cdllection,
storage, spreading), management 6f feed crop prodiction.
Adaptation strategies to climate change: T deal with the
impact of climate change, the pdtential adaptation strategies
are: develdping clltivars tolerant t6 heat and salinity stress
and resistant t0 flodd and droélght, mddifying crop
management practices, improving water management,
addpting new farm techniqies slich as resdlrce conserving
technologies (RCTs), crop diversification, imprdving pest
management, better weather forecasting and crop insiirance
and harnessing the indigendls technical kndwledge Of
farmers. Some 6f these strategies are disciissed below.
Developing climate-ready crops: Develdpment 6f new
crop varieties with higher yield pdtential and resistance to
mltiple stresses (drolght, fl6dd, salinity) will be the key 6
maintain yield stability. Improvement in germplasm o&f
important crops for heat-stress télerance shodld be one of
the targets 6f breeding programme. Similarly, itis essential td
develdp télerance t6 mdltiple abidtic stresses as they dcciirin
natlre. Farmers need t0 be provided with clltivars with a
brdad genetic base. Their adaptation process codlld be
strengthened with availability o6f new varieties having
télerance t6 drdlight, heat and salinity and this, minimize the
risks Of climatic aberrations. Similarly, develdpment of
varieties is reqiired t0 Offset the emerging préblems of
shortening Of growing seasdn and Other vagaries Of
prodiction environment. Farmers colild better stabilize their
prodiction system with basket of techndldgical Options
(Pathak etal 2011).

Crop diversification: Diversification of crop and livestdck
varieties, inclliding replacement 6f plant types, ciltivars,
hybrids, and animal breeds with new varieties intended for
higher drolght or heat tdlerance, is being advocated as

having the poétential t6 increase proddctivity in the face of
temperatlre and moistiire stresses (Aggarwal et al 2009a).
Diversity in the seed genetic striictlre and cdmpdsition has
been recdgnized as an effective defense against disease and
pest diitbreak and climatic hazards. Diversification from rice—
wheat tdwards high-vallie commaddities will increase income
and resdltin redliced water and fertilizer Gse.

Changes in land-use management practices: Changing
land-{ise practices slich as the I6cation 6f crop and livestdck
prodction, rétating or shifting prodiiction between crops and
livestdck, altering the intensity of fertilizer and pesticide
application as well as capital and labddr inpits can help
redlce risks from climate change in farm proddction (IPCC
2007). Adjasting the cropping seqlience, incliiding changing
the timing 6f sdwing, planting, spraying, and harvesting, t6
take advantage 6f the changing diiration 6f growing seasons
and associated heat and maistlre levels is andther option.
Altering the time at which fields are séwed &r planted can also
help farmers regiilate the length 6f the growing season to
better siit the changed envirdbnment.

Adjusting cropping season: Adaptation measires to
rediice the negative effects 6f increased climatic variability as
normally experienced in arid and semi-arid tropics may
incliide changing of the crdpping calendar t6 take advantage
of the wet peridd and t6 avoid extreme weather events (e.g.,
typhdons and storms) diring the growing season (Pathak
2010). Cropping systems may have t0 be changed t6 incliide
gréwing of stitable ciltivars (t6 colnteract compression o6f
crop develdpment), increasing crop intensities (i.e., the
nlimber of sliccessive crop prodiiced per (nit area per year)
or planting different types 6f crops.

Efficient use of resources: The conservation of resdlrces
(land, water, energy) saves cost of water, energy and
prétects envirdnment while leading t6 improved proddctivity
on sdstainable basis. Targeting the resolrce conserving
technologies offers newer dpportiinities of better livelihddd
for the resdlrce podr small and marginal farmers. Yields of
wheat in heat- and water-stressed envirbnments can be
raised significantly by adopting RCTs, which minimize
Gnfavodrable envirbnmental impacts, especially in small and
medilim-scale farms. Resdlrce conserving practices like
zerd-tillage (ZT) can alldw farmers t6 sdw wheat sddner after
rice harvest, s6 the crép heads and fills the grain before the
Onset Of premdnsdon hot weather. As the average
temperatires in the region rise, early sdwing will become
even more important for wheat. The RCTs in rice-wheat
system alsd have prondlnced effects on mitigation of
greenhdiise gas emission and adaptation to climate change
(Pathak et al 2011). These apprdaches 6f crop management
shoild be colipled with the measires 6f crép impréovement
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for wider adaptation t6 climate change. Soil and water
management is highly critical for adaptation t6 climate
change. Seridis attempts tdwards water conservation, water
harvesting improvement in irrigation accessibility, and water—
Gse efficiency will become essential for crop prodiction and
livelihddd management. Farmers have t6 be trained and
motivated for addpting on-farm water conservation
techniqlies, micrd-rrigation systems for better water-ise
efficiency, selection 6f appropriate crops etc.

Relocation of crops in alternative areas: Climate change
in terms of increased temperattre, CO, level, drotghts and
flodds walild affect prodiiction of crops. Bit, the impact will be
different acrdss crops and regions. There is a need t0 identify
the crops and regions that are more sensitive t0 climate
changes/variability and reldcate them in mdre siitable areas.
For example, it is apprehended that increased temperatire
wolld affect the qlality o6f crops, particilarly important
aromatic crops slich as basmati rice and tea (Wassmann and
Pathak 2007). Alternative areas that wdiild become siitable
for stich crops from qlality pdint 6f view need t0 be identified
and assessed for their siitability.

Improved pest management: Changes in temperattre and
variability in rainfall woild affect incidence 6f pests and
disease and virllence 6f major crops. Sdme of the potential
adaptation strategies codld be: (i) develdping ciltivars
resistance t0 pests and diseases; (ii) adoption of integrated
pest management with mére emphasis 6n bidlogical control
and changes in ciltdral practices, (iii) pest forecasting Gsing
recent to0ls sich as simdlation moddelling, and (iv)
develdping alternative prddiction techniqlies and crdps, as
well as I5cations, that are resistant t6 infestations and &ther
risks. Management Of pests and diseases with Gse of
resistant varieties and breeds; alternative natiral pesticides;
bacterial and viral pesticides; pherdmdnes for disrlipting pest
reprodiction, etc. colld be addpted for slstainability of
agrictltiral proddction process (Aggarwal et al 2009b).
Rediction in Gse of pesticides will alsé help in redicing
carbdn emissions.

CONCLUSIONS

At this jlnctlre, based 6n the different repdrts it can be
concliided that the agriciltliral impacts 6f climate change in
India are Qncertain. Indian agriciltire is flindamentally
dependent 6n weather for higher proddctivity. There are
several phendmena related t6 climate change incliding
variation in temperatire, relative himidity, extremity of
weather conditions etc. All dver the world concerns alsd exist
on the pdssible climate change calised by an increase in the
concentration of green holise gases slich as CO,and N,O in
the atmoOsphere. Therefore, we need right kind of
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technologies and pdlicies t0 strengthen the capacity of
comminities t6 cope effectively with bdth climatic variability
and changes. This review siimmarizes to the Gnderstanding
of the impact 6f climate change 6n agriciltire and prodiices a
listing of adaptation and mitigation strategies t60 make
agriciltire slstainable 6n the face 6f gldbal warming and
improve livelihddds of farmers. Therefore, given the potential
adverse impacts on agriclltlre that codld bring abdit by
climate change, it is worthwhile t6 condlict more in-depth
stlidies and analyses t0 galige the extent 6f problems that the
colintry may face in ftdre.
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Abstract: Fresh water systems monitoring is the mést important isses in Iraqg, while it siffers from water shortage and qaality altering. The
Diyala river is the major tribGtary of the Tigris river within Diyala Prévince-raq. The physicochemical properties and epipelion cOmmdinity
were stlidied in Diyala River dver foiir seasons. These physicdchemical parameters incllide temperatiire, light penetration, water fléw, electric
conddctivity (water and sediment), salinity, total dissélved sdlids, pH(water and sediment), dissélved 6xygen, bidldgical 6xygen demand, total
drganic carbdn, total nitrdgen, total phdsphoirs, and reactive silicate. While the bidlogical parameters were chlordphyll a, phaedphytin a, total
nimber and classification 6f algae. A total 6f 182 taxa of epipelidn algae was identified. Diatdms were the dominant grodip 6f 104 taxa followed
by Cyandphyceae (48 taxa), Chldrophyaceae (21 taxa), Eliglendphyceae (7 taxa) and Dindphyceae (2 taxa). The higher nimber &f tétal algae
was recorded in the Gpper reach site (493.96x10°/cm?) while (420.89x10%cm?’) at the middle reach site and (453.45x10°/cm?) in the Idwer each
site. The cdncentratidn 6f chlérophyll-a is ranged frém 2.0 mg/dm? t& 8.4mg/dm’. This stiidy cdncliided that the water qiality 6f Diyala river was

changed and siiffered from pollGtion in terms 6f Epipelion commdnity.

Keywords: Algae, Bentic algae, Epipelion, Environmental Factors, Freshwater

The Iraqi rivers are siiffering from the water shortage and
water qUality altering (Hassan et al 2018). The bidmdnitring
of the rivers was important t6 slpply any information 6n the
environment degradation (Markert et al 2003). Hassein
(2010) revealed that the rediiction 6f water cdming in the
Gpstream of the Diyala river at Derbendikhan dam was 35%,
ddring two decades. Hassan et al (2018) repdrted that the
Diyala river water qdality was pdor t8 marginal for the
protection 6f aghatic life.

Epipelion cdmminity was Gsed as bidindicators in many
aqaatic ecosystems (Whittdn 2012, Whorley and Francoedir
2013) which is affected by different physical and chemical
factdrs, and any alterination in these factors will affect
Epipelion (Bere and Tindisi 2011). Some althors revealed
that the water pdllGtion is lead t6 change 6f algal diversity and
water quality (Sélak and Ace 2011, Kadhim et al 2013,
Hassan et al 2014). Sabilrdva and Pdlikarpdv (2003)
Observed that the existence 6f algae at different depths of
sediment depends On different factors slich as temperatiire
and radiation intensity which alsd effect 6n the migration
rhythm. Another stldy revealed that the electrical
conddctivity and idnic cOmpdsition were related t6 the
distribGtion of Epipelion commdnity (Potapdva and Charles
2013).

Many stiidies showed the dominance of diatdms in
epipelion commiuinity, these grdiips of algae were sensitive t0

the envirdbnmental factors alteratidons (Salman et al 2013,
Salmanetal 2018).

Stlidies 6n Epipelion cdmmdnity in the Tigris river
reported that the cOmminity is dominated by diatdms
(Hassan and Abdilameer 2014, Al-Hassany and Hind 2016,
Ali et al 2018). Hadi et al (2009) repdrted 722 algal taxa in
their algal check list in Diyala river, all the identified algae in
this check are beldng td dnly phytdplanktdn, while, there are
no references td any stldies 6n Epipelion cdmmunity in this
river. This work is aimed td fill the gap o6f informatidon on
Epipelion commdnity in Diyala River, which considered the
major tribGtaries of Tigris riverin Iraq.

MATERIAL AND METHODS
Study area: The Diyala river is dne 6f the major Tigris river
tribGtaries, its solirce come from the Zagrés mdlintains of
Iran and descends intd Iraqi territdry throlgh the Hemern
mdlintains, then feeds the Tigris river in the solthern
Baghdad city. Its tdtal length 445km (with 386Km inside Iraqi
territdry) and characterized by different degrees of
meandering diring its colrse (Al-Qayim 2006, Hissein
2010). The stldy areais laid in arid t6 semi arid climate (CSO
2012-2013) the average annal rainfall at its solrce is
140mm (West Iran) where the average within Diyala
Prdvince is redliced and reached t6 104.1 mm (M&hammed
and Hadi 2012). Al-Qayim (2006) divided the Diyala river
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catchment intd three parts Upper reaches (is referred as the
letter Ain the figlire 1), middle part (B) and Idwer reaches (C).
Three sites were selected according to the division 6f the
river catchment (Table 1)

Sampling

Physicochemical parameters: Monthly samples were
cOllected from the stldy sites from October 2016 t6 Jaly 2017
and the resilts presented seasonally. The physicdchemical
variables were measired according t6 APHA (2005) while,
total drganic carbon was folldwed after methdd 6f Galdette
and coworkers as reported by Salman etal (2017).
Biological analysis: The algal samples were collected from
the sediment with 1-5 cm depth and 50 cm’ siirface area by
spatila after remdving the Gpper sirface 6f the sediment and
kept in the icebox Gntil delvered t6 a laboratoéry (Bere and
Tandisi 2011). The sediment sample kept away 6f light and
left a while for 5 hodrs, then was mixed vigoroasly. A40 g from
each sample was spread 0it 6n a petri dish carefilly, then
covered by lens tisslie paper and left away from light at dver
night. The lens paper was taken 6ff and transferred intd glass
viale, a grodp of these viales were covered with aliminim fil
td save them from light, then were stéred in the refrigerator
antil the process of extracting chlorophyll a by acetdne (90%)
was cOmpleted accdrding t0 Vollenweider (Salman et al
2017). ldentificatidon 6f ndn algae is carried 3t by Olympis
micrdscope after separating the algae from lens paper by
vigorols shaking then were preserved by adding a Lgdl's
solition and mixed throlgh shaking Sides made (p by
placing a small drdp 6n a microscope slide then coverslip was
Gsed and left a while before the examination. For diatdms

Table 1. Cdordinates 6f the sampling sites (Hassan et al

2017a)
Sites  Longitlide Latitides  Basin area  Description
(eastwards) (ndrthward) (km?)
Hissein
1 44° 43' 17 33°55'07" 3910 Agricltire area
44° 37'53"  33°44' 44" 8850 Ddmestic area
3 44° 35' 01 33°32'58" 1440 Agricdltire and

domestic area

permanent slides were prepared accoérding t6 Eatdon and
Moss methdd (Salman et al 2017). The diatdom cells were
calcilated by light micrdscope Gsing an 6ily compdind lens
100X as in the Micrétransect methdd (Hotzel and Crddme
1999). The references that (sed 16 identify algae were:
Celekla et al 2007, Wehr and Sheath 2002, Bellinger and
Sigee 2010, Hassan et al 2012, and Al-Hassany and Hassan
2014.The chldrdphyll-a and Phaedphytin-a were measired
according to Eatdon and Mdss (Salman etal 2017).

Statistical analysis: Least significant difference (LSD) and
correlation coefficients were applied for data analysis by
Using Statistical Analysis System (SAS).

RESULTS AND DISCUSSION
Air and water temperatiires shéwed 16w valiie 13 'C and
11 °C (in spring and winter, respectively), and high valiie for
bdth in the simmer. These resilts agreed with the hot desert
climate in the stlidy area (Hassan et al 2017b). Theriveris
alkaline and the pH is ranged from 7.6 t6 8.4 which indicated
higher biiffer capacity, and this is well kndwn for the Iraqi

Fig. 1. Map 6f the Al-Shamiyah River and the I6catidons 6f the sampling sites.
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Table 2. Physicochemical and bidldgical parameters in the Diyala river (Mean + Standard Deviation)

Parameters Sites Atimn 2016 Winter 2017 Spring 2017 Stmmer 2017 LSD
Air temperatiire °C 1 24.2+1.55 13+0.74 13+1.03 37+2.63 5.82*
2 27.8+1.48 16+0.62 22.5+1.17 40.2+2.84 4.06*
3 25.4+1.29 18+0.96 25+1.46 42+2.57 5.33*
Water temperatiire °C 1 23+1.39 11£0.61 14£0.72 26.4+1.66 5.21*
2 25+1.41 13.3+0.52 16+0.82 28.9+0.07 5.48*
3 20.4+1.26 12.4+60 17+0.67 27.9+1.94 6.59*
Light peneration cm 1 72.243.62 96+5.73 90+5.06 78+3.93 7.83*
2 81+3.89 103+7.02 83+4.37 66+3.81 11.59*
3 67+3.73 78+3.17 74+3.92 57+2.58 8.02*
Water fldw m/sec 1 0.15+0.06 0.2+0.08 0.12+0.06 0.3+0.09 0.081*
2 0.2+0.07 0.23+0.09 0.09+0.01 0.27+0.07 0.084*
3 0.19+0.08 0.2+0.08 0.17+0.05 0.31+0.08 0.092*
Electric conddctivity ps/cm 1 1392+164.58 1110+98.42 1476+163.79 1629+109.72 215.93*
2 1258.85+158.74 1035+114.92 1365+128.07 2510.3+174.87 362.77¢
3 1297.35+131.92 1052+96.47 1931489.22 2728.8+183.79 294.27*
Salinity %o 1 0.7+0.04 0.6+0.05 0.84+0.05 0.90+0.07 0.451NS
2 0.69+0.03 0.56+0.02 0.77+0.05 1.5+£0.03 0.723*
3 0.72+0.04 0.57+0.02 1.1210.02 1.6+0.05 0.705*
Total dissélved sélids mg* 1 440.3+ 25.62 717+ 38.94 896+ 39.21 1013+ 63.82 241.07*
2 519.3+ 27.45 661.2+ 42.53 773.5+ 52.93 1152+ 37.55 215.56*
3 559.2+ 26.82 690+ 41.78 814+ 29.53 1376+ 62.71 197.33*
pH water 1 8.2+ 0.72 8.4+ 0.68 7.6+ 0.52 8.2+ 0.66 0.662*
2 8.2+ 0.58 8.0+ 0.62 7.8+ 0.68 7.9+ 0.37 0.696 NS
3 8.0+ 0.61 7.8+ 0.55 8.0+ 0.79 7.6+ 0.41 0.703NS
Dissolved dxygen mg’ 1 8.2+ 0.56 9.3+ 0.72 8+0.42 6.6+ 0.37 0.567*
2 6.2+ 0.32 9+ 0.52 9.6+ 0.62 4.2+ 0.35 0.407*
3 7.5+ 0.37 8.5+ 0.48 10.4+ 0.71 5.8+ 024 0.553NS
Bidldgical 6xgyen demand mg’ 1 1.8+ 0.04 0.8+ 0.02 1.25+ 0.02 0.9+ 0.05 217
2 1.5+ 0.02 1.7+ 0.04 1.8+ 0.03 1.2+ 0.02 3.05*
3 1.2+ 0.02 1.3+ 0.04 0.72+ 0.02 1.2+ 0.02 3.47*
Total 6rganic carbon % 1 3.23+ 0.06 4.7+ 0.09 3.5+ 0.05 3.9+ 0.06 1.78NS
2 1.96+ 0.02 2.5+ 0.05 2.7+ 0.03 2.3+ 0.03 1.54NS
3 2.25+0.05 3.3+ 0.02 3.9+ 0.03 1.3+ 0.02 2.08*
pH sedement 1 8.2+ 0.62 8.1+ 0.57 7.9+ 0.52 8.2+ 0.61 0.609NS
2 7.9+ 0.54 7.8+ 0.6 8.3+ 0.63 8+ 0.52 0.598NS
3 8.1+ 0.49 7.2+ 0.46 7.7+ 0.51 7.9+ 0.49 0.772*
EC sedement us cm’” 1 2054+147.2 2340.7+155.9 2323.5+217.3 2329.3+168.5 541.87NS
2 1089+137.8 2653.3+194.3 1561+117.8 3007+252.8 671.69*
3 1290.5+109.3 2459.7+187.4 2652+207.3 247741825 608.74*
Total nitrdgen g/l 1 18.4+0.79 19.7+ 1.04 18+ 0.76 26.6+ 1.33 4.62*
2 17.6+ 0.88 17.2+ 0.82 21.75+ 0.98 22.8+1.05 4.09*
3 19.1+ 1.02 18.7+£0.73 23.4+1.27 23.5+ 1.42 3.98*
Total phosphodsr pg’ 1 0.02+0.004 0.033+0.001 0.018+0.003 0.007+0.001 0.016*
2 0.019+0.002 0.036+0.003 0.023+0.004 0.023+0.004 0.014*
3 0.023+0.003 0.031+0.004 0.022+0.003 0.02+0.01 0.017NS
Reactive silicate pg’ 1 14.1+0.52 37.3+1.54 29.8+0.42 11.9+2.49 8.96*
2 1310.35 19.7+0.91 21.5+0.29 10.5+0.84 7.32*
3 18.5+0.84 26.5+1.94 32.3+0.35 8.9+1.35 8.52*
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Table 2. ContinlGim

Parameters Sites Atimn 2016 Winter 2017 Spring 2017 Simmer 2017 LSD
Chidrophyll a 1 2.6£0.05 0.210.03 8.440.32 2.240.07 2.966*
2 1.6£0.04 2.5£0.02 4.3+0.05 1.6£0.01 2.057*
3 0.8£0.02 1.8+0.02 6.240.25 240.02 3.185*
Pheadphytin a 1 0.61£0.03 0.62+0.03 0.8£0.05 3.740.02 1.503*
2 0.35£0.02 1.640.02 1.8£0.01 2.33£0.03 1.769*
3 1.4+0.02 0.5£0.04 0.32+0.02 3.240.03 1.718*
Total nimber of algae cells 1 41.942.52 117.61£7.06 127.89+7.35 215.44+11.46 32.71%
X103/ cm2 2 41.25+2.56 111.16£7.32 115.48+7.09 171.39+9.24 40.66*
3 48.55+4.71 98.33:4.86 104.6416.25 182.189.51 39.58*

water ecOsystems (Abbas and Hassan 2018). The water flow
ranged was 0. t0 0.31m/sec. The I0west valle of light
penetration (LP) was 57 at site 3 in simmer 2017 and the
higher vallGe was 103cm at site 2 in winter 2017. The Idwest
vallie of electrical condctivity (EC) and salinity (S%o) were
1035 ps/cm and 0.56%., while the highest vallies were
2728.8us/cm and 1.6%.. Both  water flow and light
penetration valle variation affected mainly by water level 6f
the river (Aydade et al 2009, Salman et al 2013). The water
fldw in the river has been siibjected t6 Hemern dam control
as Other many gldbal rivers (Tang et al 2013). The
conddctivity and salinity valGes were indicated that the river is
considered as oOligdhaline (Mdntagna et al 2013). The
increase in EC and salinity in water system affects
agriclltire and indUstrial activities (VenKatesharaji et al
2010) (Table 2). The dissdlved 6xygen (DO) was not
recorded less than 4 mg/I diiring all stlidy peridds. The Idwest
vallie recorded in simmer 2017 and the highest in spring
2017. DO valiies were varied spatially and tempdrally diie t0
the change of temperatlire and microbial activity (Ezekiel et
al 2011). Bidldgical 6xygen demands (BOD) valle was less
than 2 mg/l aldéng the stlidy peridd, which indicates that the
river has ability to self-pdrification, these vallies were less
than thdse recdrded by andther stldy on the Tigris river
(Hassan and Al-Bdilameer 2014). Total organic carbon
vallies ranged from 1.3% at site 3 in SGmmer 6 4.7% at site 1
in winter. Salman et al (2013) reported that the clay sediment
is characterized by a large siirface area for that has the ability
td keep a high content 6f TOC. The Idwest pH sediment
valiie (7.2) recorded at site 3 in winter and the highestwas 8.3
at site 2 in the spring. While the EC sediment ranged from
1089 ps/cm in adtimn in 2007 t6 3007 ps/cm in simmer at
site 2. The resilts of nitrients showed temporal variation
(Table 2). The concentration of total nitrdgen (TN) was
ranged from17.2 pg/l in winter t626.6 pg/l in the simmer
(Figdre). In the inverse pattern, the Idwest concentration of
total phdsphdriis concentration obtained in simmer

(0.007ug/l) and the highest concentration in winter (0.036
pg/l). Silicate (SiO,) concentration was 8.9 in simmer and

37.3ug/l in winter. TP cdncentration was less than 5mg/l, and
that is dUe t0 that the river considered as Gltra-6ligotrophic at
the stldy peridd (Wetzel 2001, Kiichl and Troelstriip 2013).
The Idwest concentration of silicate (8.90g/l) is recorded at
S3 in simmer and higher (37.30g/l) at S1 in the winter, might
be calised by rain and degradation of diatdm cell in winter)
Wetzel and Linkns 2000) (Table 2). There were significant
difference for all physidchemical parameters between the
seasons except salinity (at site 1), pH (at sites 2 and 3), DO
(at site 3), TOC (at sites 1 and 2), pH sediment (at sites1and
2), C sediment (at site 1), tétal phdsphoris (at site 3) (Table
2). A total of 182 taxa of epipelic algae was identified in this
stldy and beldnged t6 84 genera (Table 3 and 4). The
diatdbms were the dominant grolps and represent 57.14% of
the total identified epipelic algae. While the Cyandphyceae
was 26.37%, followed by Chldrdphyceae (11.54%),
Edglenophyta and Dindphyceae. The pennate diatdms were
96 species and dnly 8 species of the centric diatdbms. The
most dominant species 6f pennate diatdms were Achnanthes

Table 3. Total nimber 6f species and genera for recording
Epipelidn algae in Diyala river at each sites diiring

the stlidy peridds

Taxa Site 1 Site 2 Site 3
Genera Species Genera Species Genera Species

Cyanophyta 19 38 10 25 15 34
Chldrophyta 7 15 10 15 10 17
Pyrrhdphyta 1 1 0 0 1 1
Edglendphyta 6 8 4 5 6 7
Bcillariophyta
Centrales 4 5 3 3 6 7
Pennales 35 62 36 69 38 74
Total 72 129 63 117 76 140
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Table 4. Epipelion algae diring the stlidy peridd in the Diyala river

Taxa 1 2 3 Taxa 1 2
Cyandphyta O. earlei Gardner + -
Chroococcus turgidus (Kutzing) Nageli + - +  O. minnesolensis Tilden + + +
C. indicus Zeller - - + 0. amoena Gomont - - +
Dermocarpella hemisphaerica Lammermann + + - 0. limosa Vaiicher - + +
Gomphosphaeria aponina Kutzing + - +  O. limnetica Lammermann + + +
Gloeocapsa compacta Kitzing + - +  O. lacustris Klebahn + +
Golenkinia radiate Chddat + + +  O. subbrevis Valicher + + +
Gloeothece rupestris (Lyngbye) Bornet + - +  O. tenuis Agardh + + +
Gloeocapsa quaternata Kitzing + - +  O. proteus Skija - + -
G. alpina Nageli + + - O. pseudogeminata Biswas + - +
G. stegophila (Itzigsdhn) Rabenhdrst + - +  O. formosa Bory + + -
Gloeocapsopsis pleurocapsoides (Novacek) + - -  Planktolyngbya limnetica (Lemmermann) + - +
Glenodinium armatum Levander + - - Phormidium ambiguum Gmont + + -
Johanseninema constrictum (Szafer) Hasler, - - + P corium (Ag) GOmon - + -
Dvérak and Pailickdva
Lyngbya aestuarii (Liebman) Gémont + - - P uncinatum Goémont - + -
L. normosan Harvey + + + P purpurascens Gomont - - +
L. nordgardhii Wil - + + P tenue Gomont + + +
L. limnetica Lemmermann + - +  Spirulina laxa G.M.Smith + + +
Merismopedia tenuissima Lemmermann + + +  S. major Kutzing + + +
M. punctate Meyen - - +  Schizostauron crucicula Grindw + - +
Microcystis aeroginosia Kutzing + + +  Chldrophyta
M. convolute Lemmermann + - +  Ankistrodesmus fusiformis Corda + + +
M. flos-aquae (Witter) Kirchner + - +  A. braunii (Nageli) Lemmermann + + -
Nostoc muscorum Agardh + + +  Chlorella vulgaris Beijerinck + + +
N. linckia Bornet + - - C. sp. + + +
N. calcicola Brébisson + + - Chlamydomonas angulosa O.Dill + + +
Oscillatoria acutissima Kutzing + + +  C. dinobryonis G.M. Smith + + +
O. curviceps C.Agardh + + +  C. polypyreoideum Prescott + - +
O. calcuttensis Biswas + - - C. snowii Printz + - +
Colestrum microporum Nageli + + + C. sp. + - +
Desmodesmus lunatus (West) E. Hegewald - + - Pyrrhdphyta
Kirchneriella obese West - + +  Parvodinium inconspicuum (Lemmermann) S. + - +
Carty
Monoraphidium. Sp + + +  Edglendphyta
Micractinium pusillum (Fresenids) - + - Cryptomonas erosa Ehrenberg + + +
Oedogonium cardiacum (Hass) Wittroct - - +  Euglena elongata \W.Schewiakoff + + +
Schenedsmus arcuatus (Lemmermann) - + +  Euglena acus Her + + -
Lemmermann
S. quadricauda (Tarpin) Brebisson + + +  Euglena elastica Prescott + - +
S. dimorphus (Tarp) Kitzing + + +  Monomorphina pyrum. (Ehr) Mereschkowsky + - +
S. bijugus (Wille)G.M.Smith + - +  Phacus acuminats Stoken + + +
Spirogyra novae-angliae Transeal - - +  Peridinium cinctum (O.F. Miller) Ehrenberg + - +
Ulothrix tenuissima Kutzing + - - Trachaelomonas sp Ehr + + +
Micractinium pusillum (Fresenils) - + - Pyrrhdphyta
Oedogonium cardiacum (Hass) Wittroct - - +  C. tumida (Brébisson) + - +
Schenedsmus arcuatus (Lemmermann) - + +  Caloneis amphisbaena (Bory) Cleve - + +
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S. quadricauda (Tarpin) Brebisson + + +
S. dimorphus (Tirp) Kitzing + + +
S. bijugus (Wille) G.M. Smith + - +
Spirogyra novae-angliae Transeal - - +

Ulothrix tenuissima Kitzing

Bcillaridophyta

Centrals

Aulacoseira granulata (Ehrenberg) + - +
A. subarctica (Ott6 Mdiller) E.Y. Haworth - + +
A. granulata (Ehr) Simdnsen + - -
Cyclotella meneghiniana Kuitzing + + +
Cyclostephanos dubius (Histedt) Roind - - +
Lindavia comta Kutzing + + +
Pantocsekiella ocellata Pantdoccsek - - +
Stephanodiscus astraea (Kutzing) Grindw + - +
Pennales

Achnanthidium affinis (Grindw) Czarnecki + + +
A. minutissima (Kutzing) Czarnecki + + +
Achnanthes brevipes Agardh + + -
Anomoeoneis exilis (Kutzing) - + +
Amphiprora alata (Ehr) Kitzing + + +
Amphora alata (Cleve) + - +
A. ovalis (Kitzing) - + +
Adiafia bryophila (Petersen) Lange-Bertalot + + +
Bacillaria paxillefer Gmelin + + +
Cocconeis pesudolineata Geitler + + +
C. pediculus Ehrenberg - + +
Cymatopleura hybrida Smith + + +
C. microcephala Smith - + +
Cymbella obtusiuscula Kitzing - + +
C. aspera (Ehrenberg) + + -
C. affinis Kitzing + - +
C. parava Gr{indw - + +
C. helvetica (Kutzing) - - +

C. molaris (Griindw) Kremmer

Craticula halophila (Grinow) D.G. Mann
Cosmioneis pusilla W. Smith

Diatoma elnogata (Lyngbye) C. Agardh
D. vulgaris Bory

Encyonopsis microcephala (Grindw)
Krammer

Encyonema cespitosum (Kitzing)
Eunotia formica (Ehrenberg)

Eunotia tenella (Griindw) Hast

E. bilunaris (Ehrenberg) Schaarschmidt
Epithemia gibba (Ehr) Kiitzing
Fragilariforma virescens Ralfs

F. vaucheriae (Kitzing)

F. copucina Desmazieres

F. pectinalis (Mdller) Lyngbye

F. acus (Kutzing) Lange-Bertalot
Gomphonema acuminatum Ehrenberg
G. gracile Ehrenberg

Gyrosigma attenuatum Kitzing

G. tenuirostrum (Grindw)

Geissleria paludosa (Histedt) Lange-Bertalot

Halamphora veneta Kutzing

Humidophila andeqavensis (H.German) Lowe,

+= present, -=not present

affinis, Cocconeis placentula, Mastogloia smithii, Stauroneis
pseudosubtusoides, Diatoma elongatum and Cymatopleura
solea, while for centric diatdbms were Cyclotella
meneghiniana and  Cyclotella comta. Alsd, Oscillatoria
limnetica, Chlorella vulgaris, and Ankistrodesmus falcatus
were the most ddminant species 6f the ndn —diatdmic diiring
the stldy peridd (Table 3). Some species were dbtained at
>10% as folldws: at site 1: Craticula halophila (Grindw)
D.G.Mann (11%), Achnanthidium minutissimum (17%)
Meloseira varains (17%), Navicula  clementis (21%), N.

pupula (24%), and Mastogloia smithii (29%).

At site 2: Bacillaria paxillefer (12%), Cocconeis placentula
(12%), Cocconeis pediculus (15%), Diatoma vulgare(18%),
Navicula pupla (18%), Nitzschia.sigma (19%) and Cyclotella
meneghiniana (19%).

At site 3: Cymbella obtusiuscula (11%), Pinnularia
appendiculata (11%), Cymbella affinis (11%), Mastogloia
smithii (12%), Navicula imbricate (14%), Navicula grimmei
(14%), Bacillaria paxillefer (19%) and Navicula rsdiosa
(22%). At site 3: Cymbella obtusiuscula (11%), Pinnularia
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appendiculata (11%), Cymbella affinis (11%), Mastogloia
smithii (12%), Navicula imbricate (14%), Navicula grimmei
(14%), Bacillaria paxillefer (19%) and Navicula rsdiosa
(22%).

The total niimber 6f epipelidn algae was 171.39 cells x10°
/ cm? in simmer at site 2 and 41.9X10° cells /cm*in altimn at
site1 (Table 2). The cdncentration 6f chléréphyll-a ranged
frdm 0.2 mg/dm’ in winter t6 8.4 mg/dm? in spring at site1 for
both concentrations. While the I[dwest phaedphytin-a
concentration was 0.3mg/l in site3 in spring and the highest
coéncentration was 3.7mg/dm’ recorded at site1 in simmer.
Both chldréphyll-a and phaedphytin-a significant variation (P
<0.05)among concentrations at seasdn were noticed.

In the same trend the LSD resilts of bidldgical
parameters shdowed a significant difference between
seasons (Table 2). These resilts might be related t6 the
natlre of each site as illistrated in table 1. The dominance 6f
diatdoms was very knéwn in the Iraqgi ecdsystem that may be
dde t0 their ability to tdlerate a wide average of bidldgical and
envirdbnmental factdrs (Hassan et al 2014). This ddminance
is alsd noticed in many stldies 6f aqUatic ecdsystems in Iraq
(Ismail and Saadalla 2010, Kadhim et al 2013, Hassan and
Shaawiat 2015, Ali et al 2017). Temporal and spatial variation
may be indicated t6 the engagement with many
envirbnmental factors: temperatiire, EC, nitrients, light
penetration and level 6f DO (Pringle and Triska 2006) (Table
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4). The tétal nimber 6f algae was significantly correlated with
sOme parameters a significantly (Table 5) slich as TDS
(r=0.895, P< 0.05), S%o (r= 0.514, P< 0.05), TN (r=0.85, P<
0.05), RS (r=0. 5, P< 0.05), EC sediment (r=0.574, P< 0.05)
and WF (r=0.692, P< 0.05). The growth of Epipelion algae
depends On these parameters and the nitrients as a
reqlirement of a given algal fléra and envirébnment quality
where they are present. The correlation with ndtrient shdws
why diatdbms preddominant Over Oother algal flora. NO
significant correlation was recérded between Cholldphll a
and all physicochemical parameters while Phaedphyten a
has a significant correlated with BOD, TP, TN and total
nimber 6f algae (r=0.54, r=0.739, r= 0.921, r-0.88, P< 0.05,
respectively).

Matta et al (2018) repdrted that some algae sich as
Cymbella, Amphora and Achnanthes might be referring t6
organic pdllGtion in the river. Andrejic et al (2012) revealed
that the 6bvidls existence of the genera Navicila and
Nitizchia in an aqiatic system referred t6 drganic pdllGtion.
Cyanophyceae is the second mdst impdrtant 6f appealing
commdnity in the Diyala river in this investigation and
folldwed by Chldrdphyceae. The preddominance Oof
Cyandphyceae o6n Chldréphyceae indicates an
environmental alters). Some althdrs repdrted that the
Cyandphyceae commiinity has responded td the changes in
the environment (Dd&dtereld et al 2004, Soltani et al 2012).

Table 5. Correlation coefficient between different parameter in Diyala river

Parameters WT AT pHW TDS ECW (S%) L.P. DO BOD TP TN RS pHS ECS TC TNA Cha Pha WF
Water temperatdre °C (AW) 1

Air temperatire °C (AT) 09 1

pH water (pHW) 0.1 01 1

Total dissdlved solid (TDS) 02 05 04 1

Electric condictivity (ECW) 0.7 03 03 07 1

Salinity (S%) 06 0.8 04 07 099 1

Light peneration (LP) 09908 00 O 07 06 1

Diss6lved &xygen (DO) ©.8090.009 41 0.8 0.8 068 1

Bidlogical 6xygen demand (BOD) 0.3 0.4 0.23 0.3 0.01 0.05 © 0.2 1

Total phdsphoris (T) 08909 03 05 07 907 04 07 03 1

Total nitrdgen (TN) 0.5 07 019 0.7 05 048 04 04 06 06 1

Reactive silicate (RS) 0.1 04 07 07 041 043 01 03 0 04034 1

pH sedement (pHs) 0.3 0.2 039 -0 0.08 0.01 ©.50.15 0.2 0.1 056 0 1

EC sedement (EC.S) ©0.101 01 0.6 044 045 0.08 0.2 04 0202302902 1

Tétal érganic carbdn (TOC) 90403 041 01 03 0.3 035042 0.1 0.50.240.1 0.3 0.28 1

Total niimber 6f algae (TNA) 0.2 05 0.1 09 049 051 0.1 04 03 0508606 0.2 057 04 1

Chldréphylla (Cha) ©.2-901 09 02 0.07 0.1 0.110.09 04 0.1 026 0 03 -0 -0.10.006 1
Pheadphytin a (Ph.a) 0.5 0.7 0.01 0.7 049 048 03 04 05 0.7 09208 04 031 0 0.88 0.1 1
Water flow (W.F) 0.5 0.6 048 05 0.36 0.35 0.2 0.6 04 04 067 0 0 042 0.1 0.642 0.6 0.7 1

*Significant (P<0.05)



Epipelion Community in Diyala River

The predominance of  Oscillatoria 6n the rest of
Cyandphyceae genera in this investigation indicates water
pollition (Dodtereld et al 2004). The existence 6f sdme
Chldréphyceae genera siich as Chlorella and Senedesmis
indicated t0 water pollGtion, these algae has the ability to
tolerate the pollited water (Pollickdva et al 2008, Bellinger
and Sigee 2010). Hassan et al (2017a) revealed that the
water qdality 6f Diyala river was pddr — marginal for the
protection of life 6f aqliatic drganisms, therefore this stlidy
confirms the same resiilts by (ising Epipelion commiinity.

CONCLUSION

The water qality of Diyala river is siffering from a
slipply shortage of water and anthrdpdgenic sodlrces of
pdllGtion. The river is alkaline and dligdhaline. Diatdms are
déminant grolp and folldwed by Cyandphyceae and
Chloréphyceae. The pennate diatdms preddminant on the
centric diatdbms. The growth &f algae in the Diyala river
depends on TDS, TN, WF, EC sediment, and RS. A
ndticeable higher total niimber 6f algae recérded in simmer
die t6 availability 6f TN and RS. This stlidy confirmed that the
water qUality of the river has been changed in terms of
species cOmpdsition of Epipelion. The preddminance of
Cyandphyceae oOn Chldréphyceae indicates an
environmental alters. The existence 6f genera Cymbella,
Amphora, Achnanthes, Navicula and Nitizchia referred t6
organic pollition in the river.
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Abstract: The present work deals with the stlidy 6f distribGtional pattern and sail algal diversity 6f vegetable crop fields 6f Cachar district,
Assam (India). A total 6f 50 algal species beldnging t6 27 genera spread dver Chlorophyceae, Cyandphyceae and Bacillariophyceae families
were enlmerated. Of these, 19 species beldng t6 Cyandphyceae, 5 t6 Chldrophyceae and 26 species t0 Bacillariophyceae. Sail physico—
chemical analysis reveals the sdil 6f the stldy sites is slightly acidic in natiire with different textdral type. Higher nimber 6f species was d at
Bagpir. Nostoc, Anabaena, Oscillatoria, Chroococcus, Haematococcus, Chlorella, Scenedesmus, Navicula, Cymbella and Nitzschia were

the mdst ddminant species. The highest Shannon diversity index (H= 2.69) was in Bagpr with Simpsén's déminance index 0.09 and Peilsi's
evennessindex 0.87 in May 2013. The pH and conddictivity 6f sil were significantly correlated with the diversity indices.
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Soil habitats are the mdst favdirable ndn-aqliedis
ecOsystems for soil algae. Diversity of soil algae are qlite
different depending 6n types of sdil slich as virgin or arable
soil. Presence 6f algae in sdil contribltes t6 formation of sail,
rediice soil erdsidon and help in matter and energy fliixes).
Heterocystous cyanobacteria are kndwn to effectively
contribiite t0 bidldgical nitrdgen fixation. They alsd help in
reclamation 6f saline sdil and serve as amelidrators 6f metals
.S0il algae incliiding cyandbacteria in varidls crop fields 6f
different I6cations had been doclimented (Jadhav and
Balasaheb 2015, Adesalii and Olligbhemi 2015, Seema
2016). They play an impdrtant rdle in slstaining sdil physico—
chemical properties in cropping system (Cherian and Tarar
2012). As a seqel t6 continlied endeavoir t0 assess the sail
algal diversity of the Barak valley as a whdle (Padl and Rot
2016, Devi and Roit 2016, 2018).The present investigation
addresses the distribitional pattern and diversity of algae
from two different vegetable crop fields 6f Cachar district,
Assam (India).

MATERIAL AND METHODS
Study area: The stidy was condicted in twd vegetable crop
fields of Bagp(r (24 4534.5"N 9250 23.7E) and Gobindapir
(244819.5"N 925233.5E) sitliated 6n the banks of river
Barak in Cachar District, Assam (Fig. 1). The sites are
I6cated in the Sodth East region of the district. Vegetable
cropping peridd starts from the late winter and contindies Gptd
pre-monsodn (December t6 May). The primary vegetables
grown in Bagplr site were cabbage, brinjal, calliflower,

tdrnip, green chillies, carrdt, cabbage, beans, tomato,
califldwer, tirnip are the primary crops grown in Gébindapdr
area.

Soil sampling and analysis: Atotal 6f 20 s6ils samples from
twd vegetable crop fields were cdllected randdmly from a
depth 6f 0-10cm Gsing sdil corer (5 cm inner diameter) dnce
diring the cropping peridd. COmpdsite samples were
prepared in the labdratdry. The samples were air dried,
grinded and sieved thréligh 2mm mesh. The physico-
chemical parameters of sdil samples were determined Gsing
standard methdds. The so6il pH was measired by Chemline
digital pH meter and sdil conddctivity was measired (sing a
Systronics direct reading condctivity meter. The blk
density 6f the soil samples was estimated by sdil corer
methdd (Brady 2004). The soil mdistire content was
determined by 6ven drying methdd (Gipta 1999). The sail
organic carbon was analyzed by Walkey and Black's rapid
titration methdd (Jackson 1958). The textlire 6f the soil was
determined by Bolydicos sdil hydrometer (Allen 1989). The
soil water holding capacity was determined by Keens box
methdd (Piper 1944). Total nitrdgen was estimated by semi-
micrd Kjeldahl methdd (Allen 1974) and phdsphdriis was
determined spectrophotdmetrically and potassiiim by flame
photdmetry (Jackson 1973).

Algal collection, identification and enumeration: The
algal samples were collected randdmly from sdil sirface
dlring the crop season i.e. from December 2012 t6 May
2013from different pldts 6f the stlidy sites in replicates. Algal
samples were stldied by Jptical micrdscopy Using Leica
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application sdit (LM1000 LED). Algal samples were scraped
1cm’ from siirface soil with scalpel and forceps. Algal
identification was carried oGt with relevant taxdndmic
mondgraph (Prescott 1951, Desikachary 1959, Sardde and
Kamat 1984). Enilmerations of algae were made by
“Lackey's drop methdd” (Trivedy and Goel 1986).

Statistical analysis: Algal diversity was analysed Using
different indices. The Shanndn-Wiener diversity index,
Simpson’s dominance index and Pieldl's evenness index
were calcilated with the help 6f excel. Pearsdn correlations
were made with SPSS version 21.

RESULTS AND DISCUSSION

The pH &f the s6il was slightly acidic (5.56-6.01) with little
variations amodng different sites. The conddctivity was
0.45mS/cm in Bagpilr and 0.27mS/cm in Gdbindapir. The
s0il at Gobindapdr has silty clay I6am and Bagpdr has silty
clay textire. The soil bllk density was almdst invariant
(1.25gm cm®). The s&il maistiire content ranged from 17.4
percent in Gobindplr t6 20.57 percent in Bagpir while
drganic carbdn was almdst invariant. Total nitrdgen content
of the sites ranged frdm 0.27 t6 0.30 per cent. Gébindapdr
site contained higher nitrdgen cdntent. Phdsphoriis (0.03%)
and potassilim concentration (0.70%) was same in both
sites.
A total of 50 algal species tnder 27 genera beldnging t0
Chloréphyceae, Cyandphyceae and Bacillariophyceae from
two different vegetable crop fields 6f Cachar District, Assam
had been enlimerated. Of these, 19 species beldng t6
Cyandphyceae, 5 t6 Chldéréphyceae and 26 to
Bacillariophyceae (Table 2). Class wise percentage Oof
Bacillariophyceae was maximim (52%) highest folldwed by
Cyandphyceae (38%) and Chlorophyceae (10%). Higher
niimber of species was encolintered at Bagpir with 46
species, 23 species beldng td Bacillaridphyceae, 18 species
td CyanOphyceae and 5 species t0 Chldrophyceae. In
Gobindapdir, 21 species were recérded 6f which 10 species
beldng t6 Bacillariophyceae, 9 species td Cyandphyceae and
2 species t6 Chldrophyceae (Table 3 and 4), The saplings are
Gsdally sdwn in December and extensive watering begins
from Febrlary Only cadsing algal species t6 flodrish
throtGghodt the so6il Gnifdrmly. Nostoc, Anabaena,
Chroococcus, Haematococcus, Oscillatoria, Scenedesmus,
Chlorella, Cymbella, Navicula and Nitzschiawas the
mostdominant species (Plate 1). The algal forms of
Gnicelldlar, colonial and filamentdls were recorded.
Filamentdls algae were recorded abilindantly postrainy
season. Total algal density got significantly increased from
December t6 May in both the sites. Highest Shannon
diversity index (2.69) was dbserved in Bagpir with Simpsén's

Table 1. Sail physico-chemical parameters 6f the stlidy sites

Parameters Bagpir Gobindapr
pH 5.56+0.48 6.01+0.31
Condctivity(mS/cm) 0.45+0.03 0.27+0.02
Mdistdre content (%) 20.57+1.37 17.4£0.92
Biilk density(gm/cm?®) 1.24+0.05 1.28+0.10
Organic carbon (%) 1.14£0.39 1£0.15
Total nitrdgen (%) 0.27+0.02 0.3+0.004
Total phosphoriis (%) 0.03+0.002 0.03+0.001
Total potassiiim (%) 0.7+0.01 0.68+0.02
Sail textdire Silty clay Silty clay I16am

doéminance index 6f 0.09 and Peildl's evenness index 6f 0.87
in May 2013 (Table 5 and Fig. 2). Only twd parameters, pH
and condctivity were folind t6 be significantly correlated.
Shannon diversity index showed a negative cdrrelation with
pH and a pdsitive coOrrelation was Observed between
Simpson index and condictivity.

The two sites have rather similar séil characteristics and
climatic condition. For determination of soil algal
compdsition, pH plays an impdrtant role. For sdil algae
distribGtion and diversity, water content is very criicial (Lin
and Wa 2013). Condictivity was qite higher in Bagpdr
relative t6 Gobindapiir which may be diie t0 (isage 0f excess
P and K based fertilizers. Sdils with cdnductivity beldw 0.4
mS/cm are considered as ndn-saline and that abdve 0.8
(mS/cm) as severely saline (Wagh et al 2013). The
conddctivity valles of soil of the present stlidy area reflect a
ndn-saline condition. The sdil bllk density was governed by
soil types, textlires, management and ciiltivation measires
(Gathala 2011, Benbi 2012). Goébindapilr site has 0w
moistlre content as compared td Bagpdr. Mdistlre content
plays an impdrtant rdle in plant health. In 0w water level,
plant becomes stressed. Bagplr has moére drganic contents
than that 6f Gébindapdir. In clltivated sail, sélirce 6f drganic
carbon incllide crop residiie, cover crops, animal manire,
green manire and organic fertilizer (Borkar 2015). In acidic
soil, green algae are folind ablindantly and in diverse form
(LGkesova and Hoffmann 1996).

In the present work, Bacillariophyceaen algal férms
constitlite a major part of sdil algal popdlation folldwed by
Cyandphyceaen and Chldrophyceaen. Intersetingly
Cyandphyceae were reported t0 coOnstitlite the dominant
algal podpdlation folldwed by Bacillariophyceaen and
Chldréphyceaen from a brinjal fields 6f Bagpilr in Cachar
District, Assam (Devi and R&t 2016). Stdies 6n sdil algae
have been doécimented from different crop fields slich as
paddy (Patil and Chatiglile 2004, Cherian and Tarar 2012),
wheat (Chaporkar and Prasad 2004), brinjal (Balasahed and
Jadhav 2014), podtatd (Adesali and Ollgbemi 2015)
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[feniigreek (Jadhav and Balasaheb 2015) and cabbage (Devi  Oscillatoria and Phormidium (Khaybdillina et al 2010). In the
and Ro&Gt 2018). Cyandbacteria were recorded as the mdst  present stlidy, higher diversity was dbserved in Bagpur
doéminant species in sdils in different crop fields. The most  relative t& Gobindapiir site. Both the vegetable crop field
dominant cyandbacteria dbserved in farmlands elsewhere  being Gsed for cOmmercial plrpdse, higher amdiint of
are Anabaena, Nostoc, Calothrix, Lyngbya, Microcolues, pesticides and chemical fertilizer were (sed for better yield

Table 2. Occiirrence o6f algae in different vegetable crop fields
Species Bagpir Gobindapr

Cyandphyceae

Anabaena orientalis Dixit

Anabaena oryzae Fritsch

Anabaena variabilis Kiitzing ex Born.et Flah
Anabaena variabilisv. ellipsospora Fritsch
Anabaena variabilisv. kashiensis

Aphanothece microscopic Nag.

Calothrix marchicav.intermedia Rad, C.B.
Chroococcus disperses var.minor G.M. Smith
Chroococcus turgidus (Kietz.) Naegeli
Myxosarcina spectabilis Geitler (Orig.)

Nostoc carneum Ag.

Nostoc hatei Dixit

Nostoc linkia (Roth) Born.et Flah.

Nostoc piscinale kiitz.

Nostoc sp.2

Nostoc spongiaeformev. tenue Rad, C.B.
Oscillatoria amphigranulata van Goor.
Phormidium retzii (Ag.) Gomont

Spirulina major Kitzing

Chlordphyceae

Chlorella vulgaris

Haematococcus lacustris (Girdd). Rostaf.
Hormidium flaccidum (A.Br.) Born et Flah.
Kirchneriella obese (W.West) Schmidle
Scenedesmus opoliensis var. Setosus Dedlsenkd
Bacillaridphyceae

Amphora maharashtrensissp.nov.

Caloneis bacillum(Grin.) Meresch. V. Fontinalis (Grlin.) Mayer
Cymbella tumidula Grin.

Frustulia jogensis Gandhi.

Gomphonema gracile Ehr.v.intricatiforme Mayer
Gomphonema parvulum (Kletz.) Grin.
Navicula bacillum Ehr.

Navicula confervacea kietz.

Navicula cryptocyphela kietz.

Navicula halophila(Griin.) Cleve f.slibcapitata ostriip
Navicula lucidula Gran.

Navicula pupulakietz.v.rostrata Histedt
Navicula rostellata Kletz.

Navicula sp.

Navicula subhamulata Grin.

Navicula subrhynchocephala Hiistedt

Navicula subtenelloides chdlnoky

Nedium longiceps(Greg) A.Cl.v.Gnddlatim (Mayer) A.Cl.
Nitzschia palea (klietz.) w.smith.

Nitzschia sp.

Pinnularia dolosa Gandhi v. chariessa Gandhi
Pinnularia interruptaw. smith

Stauroneis phoenicenteron Ehr.f.prédiicta Gandhi
Surirella tenuissima Histedt.

Synedraacus Kietz.v.radians (Kietz.) Histedt
Synedra sp.

Total

+ + + + + o+ + o+
+ + +

1+ + + +
+ +

+ 4+ + + + + 4+ + + +
I +

+ +

A T T T e A e T A S S S S S S S S A
+ + 0 + + 0 + + + |
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Total nd. of species = 24

and proddctivity. Proldnged Gse of fertilizers is believed to
have led t0 rediction of species diversity as well as
stippressed develdpment 6f cyandbacteria (Kiizyakhmetdv
1998a). Correlation among sdil physico—chemical
parameters and diversity indices 6f the twd sites shows both
pdsitive and negative significant correlation. Deb et al (2013)
reported the correlatidon between algal diversity indices and
sOil physicochemical parameters of Assam University
campds and only two parameters pH and biilk density of sail
were folnd t0 be significant. In the present stidy pH and
conddctivity are significantly correlated.

CONCLUSION

In bdth the sites Bagplr and Godbindapdr,
Bacillaridphyceae representation was highest folldowed by
Cyanophyceae and Chldréphyceae. Algal forms GnicellGlar,
colonial and filamentdls were recdrded dilring the present
research. Algal diversity was higher diiring the rainy season
as increased moistlire content 6f sdil promotes Ilxdriant
growth of algae. The pH and condctivity of soil were
significantly correlated with the algal diversity indices.

ACKNOWLEDGEMENTS
The Department of Bidtechnoldgy (DBT-
BT/183/NE/TBP/2011 dated 23/04/2012) and Department 6f
Science and Techndlogy (DST/IS-STAC/CO,-SR-164/13(G),
Government of India, New Delhi are gratefilly ackndwledged
for providing slipport. ICAR, MEH regidn, Manipir is thanked
for sdme analytical stlidies.

REFERENCES

Allen SE 1989. Chemical Analyses of Ecological Materials,Blackwell
Scientific Piblication, Oxford.

Andersdn JM and Ingram JSI 1993. Tropical Soil Biology and
Fertility: A Handbook of Mehtods, CAB International,
Wallingford, U.K.

Anjim G 1981. Studies on some soil algae of N.W.F.P. (Pakistan).
Ph.D. Desertation, Department of Botany, University of
Peshwar.

Balasaheb S Nimbhdre and Milind J Jadhav 2014. Algal flora 6f
Brinjal field soil 6f Alirangabad.Bioscience Discovery 5(1): 42—
44,

Benbi DK, T6or AS and Kimar S 2012. Management &f 6rganic
amendments in rice-wheat cropping system determines the
podl where carbon is seqiestered. Plant and Soil 360(1-2):
145-162.

Bdngale UD and Bharati SG 1980. On the algal flora &f ciltivated
sOils 6f Karnataka State, India. Phykos 19(1): 95-109.

Borkar AD 2015. Stiidies 6f Sdme Physicochemical Parameters 6f
Soil samples in KatolTallka District, Nagplr (MS), India.
Research Journal of Agriculture and Forestry Science 3(1): 16—
18.

Brady NC and Weil RR 2004. Elements of the nature and properties
of soils, Pearson Edication, p 606.

Cavacini P 2001. Soil algae from ndrthern Victéria Land
(Antarctica). Polar Science 14: 45-60.



6 6 9 oL A 6 L = sal0ads Jo "ou [ejoL
- 0§ 05 05 09 oO¢ - 90Cc Z0c L'z 99T /g7 - €0'L Lok 601 9L'0 120 ds espauhs
o o - Oy OF 09 02¢C so'e - AR lL'e soe 880 ZT - 1zl 680 €81 suelpelA‘zjany SnoeeipouAs
0c 0¢ - 05 - 0s Lv'l 6L¢C - LLe - 8’y 620 990 - og’L - 144 uoJsjusdlusoyd sieuonels
0s 0¢ 0C - 0. 08 ¥.C gec 89l - 8cc vve L) L¥'0 ¥E€0 - 09'L el ejdn.isul eleinuuld
- o - oy - (014 - €6V - 181 - 62¢C - 16°L - cL0 - 260 ds eyoszyN
09 0. 08 08 08 0/ 16°¢ 60 G6C 96€ 9L'¢ €S ve€T LG9¢ 9gT LL'E l0e 99°¢ eofed elyoszjN
09 08 06 0L 06 - €6'C 0L¢ 20¥ 9TV LlL'Y - 9L 9l'c 2T9¢ 86C 9/¢ - sdeoibuoj wnipaN
5 06 06 - 09 0L - 809 61t - 6 0EY - 'S v0¥ - Se'C L0'¢ - ejoydAooydAio ejnoineN
nm 08 08 0L - 08 LlL'€ - 9z'c 996 - L0V ¥9C - l9C 68¢ - oz'e wnjjioeq ejnoireN
m 09 08 0 - oy 92¢ - goe Lo¢€ - goe G6°L - yr'e 060 - L ‘wininased ewsuoyduion
m 0s 05 - 09 o0¢ 0L ¢€l¢ 69l - 9¢C €L'e €S 99l S8'0 - oc’L ¥6'0  99°¢ e[npiLiny ejjaquiAo
= aeadAydoue|ioeg
M 4 0 Z Z 0 Z ¢ = saoads Jo "ou [e0L
.m oe - 05 02 - 0L 097¢ - se'L Lle - 8l'c 80 - 190 €90 - €s’lL SNsojes 1eAs/sualjodo SNWsapauads
% 08 - 08 0L - 0L ¢l9 - 89S L6V - ¥S'9  L€S - Ssv  vve - 85V Sljsnoe| sn2d0J0jewseH
g aeaoAydoiolyn
nlvm A 9 9 € € Z 8 = s9109ds JO "0U |ejo].
.MVW 0 09 Oy 05 0S5 09 P¥ee 0s'¢C le'e 9Te  vre vy L) 0S'L €60 €91 4" K4 ueA ejejnuelbydwe eLioje|jiosQ
w 0s 08 0¢ - - - €C'L 62¢ 6YYP - - - loe  €9¢C ¢gl - - - jeuros|d 90jsoN
08 06 09 - - - sy gL §2¢ - - - loe 189 ¢l - - - wnauled 90})soN
0. - 09 0L 05 06 €9¢ - /L'y 0oLe 2€v ¥8¢€  ¥STC - 98'Cc LL'Z 9T 9re ) snpiBiny snoo0o00IyD
- - 05 08 o00L - - - 65’8 288 660l - - - 6y G0L 660l - o/doososoiw svsyjoueydy
0. 0. 09 - - - €6'8 12'G 0€L - - - GZ9 ¥0¥ 8EY - - - sisusiyseyAsijiqeLien euseqeuy
s 08 - - - - log  ov'e - - - - o0y Cre - - - - elodsosdjjjoAsljiqeLes euseqeuy
08 0. - - - - 801 18711 - - - - Lo¢cL /28 - - - - Sijejuslio euseqeuy

N VvV W 4 r a N v N E| r a N v N E| r a

(%) Aousanbai4

(,Wo,01 x[ENPIAIPUI) BOUBPUNAY

(,wo,01 x[enpiapul) AysueQ

(sei0ads) dnoio

694

Jndepuiqos) 1e sainads jo Aouanbaliy pue aouepunge ‘Alisuap Jo ugneleA f ajqel



Soil Algae from Vegetable Field 695
=4=Bagpur Shannon -Wiener Diversity Index (H) == Bagpur Simpson'sDominance Index (D)
= Bagpur Pielou's evenness index (J) === Gobindapur Shannon -Wiener Diversity Index (H)
== Gobindapur Simpson'sDominance Index (D) =@ Gobindapur Pielou's evenness index (J)
8 -
7 . — — ——— —l)
5 -
2 -
1
0 T T T T 1
Dec/12 Jan/13 Feb/13 Mar/13 Apr/13 May/13
Fig. 2. Monthly diversity indices 6f algae in the stldy sites
Table 5. Cdrrelation amodng soil physico-chemical parameters and different indices 6f the algae
Indices pH Conddctivity Mdistiire Bilk Organic Total Total Total
content density carbon nitrdgen phosphdris potassiiim
Shannén-Wiener -0.605 0.367 0.494 .79 0.444 -0.171 0.015 0.136
Diversity index (H)
Simpson's Déminance 0.535 -0.446 -0.409 0.192 -0.480 0.001 0.019 -0.128
index (C)
Pieldd's evenness -0.122 0.587 -0.107 -0.129 0.445 0.309 0.214 0.188

index (E)

*Correlation is significant at the 0.05 level

Plate 1. Anabaena variabilisv.ellipsospora, b. Anabaena oryzae, c. Nostoc carneum, d. Aphanothece microscopic, e.,
Haematococcus lacustris and f. Nostoc linkia
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Abstract: The scope 6f Grbanization variation die t6 landscape alterations, profoindly affect the ecdlogical featlires and decision-making
process for biilt-{ip standards. In varidis parts 6f the globe, Grbanization stlidies have identified a significant correlation between siibstantial
hdman benefits 6n qlality-of life, qlantifiable resddrce Qtilization and I6cal climatic parameters. Remote sensing environment has develdped
techniqgies to estimate change in spatio-tempdral attribites in a gedreferenced imagery. The intricate miilti-signatire classes and massive
data interpretation for mindte Grban change detection for Kancheeplram, Tamilnadl. Sipervised Land-{ise-and-Land-Cdver (LULC)
classification tsing Netral Netwdrk(NN), Minimim Distance, Stpport Vector Machine(SVM) & Maximim Likelihdod technigle t6 estimate
change in Grban class is performed. Unsiipervised classification, inbdilt programmed distance learning algorithm, with ISO and K-means, is
perférmed 6n preprocessed and enhanced PCAimage. Slipport vectdr machine and ISO classification techniqlies with enhanced imagery, 6n
the pridr basis shows more acciiracy (80-85%) amongst mentidoned techniqlies. This, folldwing SVM t6 categorize attribites to classes and

perférming Grban change detection. The discrepancy between new land and barren land via SVM practice remain Gincertain.

Keywords: Remote sensing, Band math, Stipervised and Ginsipervised techniqlies, Normalized indexing

Urban growth (mévement of rliral area to residential and
commercial land Gse at the fringe 6f cdsmdpdlitan areas) acts
as the major factdr inflliencing qlality and qlantity of the
water bddies in and ardiind the . Diiring last two decades, the
intensity of landlise changes with respect t6 Grbanization
increase, illlstrates its conseqiliences 6n ecdlogy of the
receiving stream. With the increase in Grban growth, the
increased areal demand, makes significant changes in the
alldcation of water bodies and distirbs the natiiral ecdldgy.
Several inter-disciplinary projects to bring the natlral regime
6 pre-tirbanized level and protect the water bodies extent are
initiated ardiind the glébe. The increasing Grban change and
varying envirdnmental factors plays a major role t0 increase
percentage impervidlisness and decrease infiltration rate,
thereby deteridrating stream qaality and distlirbing stream
natlral regime. TOo estimate the water depletidon in a
catchment, varidlis remote sensing techniqles are
develdped t0 categorize Grban expansion with depleting
water table. The stlidies 6n change monitdring for mapping of
sOcial and econdmic processes are presented and with
regards t0 land Gse change relation for these factors are
assessed by (Schneider 2012). The o&iltcdme of the
relationship shows the direct relation and its Gsefililness in
decisidon making process t0 preserve and prevent natdral
resdlrces. The sistainable develdpment pdlicies are
Odtlined in accordance 6 the integration of stlidy for varidls

attribdte classification for wide range soirces and disciplines
Gsing remdte sensed data (XiGiwan 2010).

The classified image althentication for its accliracy
becomes difficilt and time consiming with labor-intensive
stirvey methdd. With the vast application in remote sensing
envirdnment, the Grban literatlire and planning techniqlies
Gsing classification change analysis became prominent
recently with introdiction of varidils time saving validation
techniqles. The several techniqles based 6n algdrithmic
classification of satellite images for land acqisition and
change detection varies with spatial resolition. Change
detection Gsing high resdl{tion data for milti-date compdsite
is difficilt becalse of data Gnavailability and complexity in
data handling. Biirns (2012) analyzed landsat imaginary
Gsing mudilti-variate techniqlie for slpervised classification
and inferred that the decision tree techniqlie is mdst acclirate
(90%) methdd. Several research dbjectives 0n classification
algorithm and change detection clearly resdlve class
conflsion matrix for varidls ddmains with their spectral
information (spatially and tempdrally). Remdte sensing in
recent trends helps analyst t6 depict several decisions in
Urban planning and management.

The methdds Gsed for classification stlidies Gnder
varying circiimstances are diverse and I5cation specific with
Uncertainty in chddsing ‘best practice’ for dptimim acclracy.
Several stlidies 0n spatially classifying the satellite image and
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validate it with real time scenari®, have been perférmed and
proved accirate Up t6 85%. The temporal stlidies (dense time
series data handling) in Grban domain are not extensively
implemented t6 estimate the change in land parcel die td
deficiency in data availability and efficient data processing
with high computational power (YGan 2005). TS rediice high
compiitational space and impréve acciiracy, generalized
methdd to classify satellite data in more acciirate detailed is t6
be estimated and in dding s6, the MapRed(ice concept can be
implemented t6 redice time conslimed for processing.

MATERIAL AND METHODS

An area &f 140 km’ aroiind Piizhal lake is selected for the
change detection analysis for water encrdachment and its
adverse effect 6n the ecdldgy. The lake acts as a stdrage
reservoir to slipply water t6 Chennai city with a contribGtion
from Chembarambakkam and Poriir Lake. Piizhal reservoir
of an ancient design capacity 6f 500 millidn ciibic feetin 1876
is ndw Gpgraded t6 2,227 million clibic feet dle t6 increasing
demand and variable climatic conditions. Chennai water

stipply corpdration defined the design capacity 6f reservdir td
3300 mcft, according td receiving inflow of 1,196 ciibic feet
per second. Diring Chennai flodds, Plizhal lake siistained
320mm of rainfall filling 67.5% of its capacity with a [dwest
flodding amdngst adjacent reservair.

The stlidy area with cod6rdinates (13°10'00"N
80°10'17.5"E) is I6cated in the ddtskirts 6f Metropdlitan city
Chennai, with a growing Grbanization rate 6f 34.15 -48.45%
from 1991 t6 2011 6n decanally. Step-by-step procediire for
the satellite data acqfisition, preprocessing for spectral and
radidmetric cOrrection, and stacking of time series satellite
data t0 access the seasonal variation 6f data availability.
Malti-spectral data, visible infrared radiations 6f comparable
valle, are Used to categorize the land comp0osition and high
backscatter for himan settlements are based 6n qiantitative
assessment (sing data flision techniqlie. Advanced data
flsion techniqle 6r milti-variate data handling apprdach is
ndt widely spread diie t0 data cOmplexity and time-
consliming task in correcting, corelating and separating
ranges for varidlis ddmains.

ISO- Data K- Means

Manhalobis Distance

Maximum Likelihood

Neural Network

Support Vector
Machine

—
Data Collection and

Pre-Processing
| |
Classification

Techniques
1 1

Estimate

Classification
1 1

Validation

| ]
NDWI PCA

and ICA
| |
Extract Water
Pixels
| I
Variation in
Water Pixels
| |
Class Indices for
2005,2010and 2015

~

Fig. 1. Methodology flow chart
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Table 1. Classified list of classes Used for several
qlantifications

Land cover Class details

Water Major water borne areas with high intensity of
water reflectance vallie

Urban Residential, Cdmmercial, Indistrial,
Transpdrtation and s6 0n

Highly High density vegetation Index cross verified from

vegetated NDVIindex

Low Léw density with range 6f 0-0.3-pixel valles

Vegetation

Barren land Green band more prominent and shoéws light

bréwn cdlor

Data preprocessing: Landsat 8 and Landsat 4-5
(downldaded from USGS Earth Resodlirce Observatory
Systems) are Gsed in the stlidy. The data ranging from
Janlary t6 December, fiirther classified on seasodnal
variation basis, is processed for Unsipervised Learning
Techniqiies (ISO and K-means) and Siipervised Learning
Techniqies (SVM, Minimim Distance, Maximim Likelihdod
and Nedral Netwdrk apprdach with MapRed(ce algorithm).
Inbiilt MapRedice cdncept t6 parallelly classify the vectors
in lesser diiration proves effective in Deep learning change
detection analysis. Preprocessing for radidmetric and
gedmetric cdrrectidns needs t0 be performed the redilice the
proximity error diie t& miltiple scattering diiring 6bservation.
Other materials for the stlidy t6 demodnstrate and identify
classification class, Go6dgle Earth imagery and
Topographical maps Obtained from Sdrvey 6f India (SOI).
With an idea for gedmetric correction for DEMs by (Singh
2015), the data collection efficiency 6f radidmetric sensors to
examine varidls moiintaindis regions and terrain selection
based 6n different classification techniqlies are compared
(Teillet 1982).

Satellite remote sensing and GIS techniqle illistrates its
application in identifying water bddies I6cation and glantify
the Idcation specific calises with time span. ArcGIS provides
a graphical Gser interface (GUI), t6 analyze, measiire and
display digitized maps with respective pixel widths (Jackson
2004, Wi 2006, Otdma 2006). The stldy reported here
investigate the variations in waterbddies from 2005 t6 2015
for five-year time steps. Diring the stidy varidls qliestions
were taken as a basis t0 implement the methoddldgy and
generalize it t0 any stlidy area. The existing clistering
techniqe, Sipervised or Unsipervised classification, for
water alldcation and change detection shows less variance
with respect t6 MNDWI statistics. After image enhancement
or any additidnal featiire t6 transform image, gives better
resilts for the above question.

The radidmetric correctidon, nodise correction Using

altdencdder has been performed. The 6ltpat image is this
slibjected t0 classification techniqlies Gsing Gnsipervised
learning (K-means algdrithm and ISO classification
algorithm) and stpervised algorithm (maximim likelihdod
classification, nedral network algdrithm and slipport vector
machine). Five classes as per (Schneider 2012) are
classified as water, Idw and high vegetative land, Grban area
and biilt-tip land.

The three dated Landsat images were classified with an
attention t6 highly water spread areas t6 attendate the fl66d
prone areas. The stlidy area and water spread throlgh
Pizhal lake t6 slrrdlnding bddies is classified throlgh
mentidned classification techniqlies. The classification
techniqlies are thiis compared with NDWI and MNDWI
(assiiming t0 be then standard water valles after
preprdcessing). Slpervised and Unsiipervised
classifications are performed (sing training and testing
dataset for silpervised and distance matrix-based
classification with an Optimim nldmber of iterations for
Gnslpervised classification (Jacksdn 2004). The
methddoldgy in this stldy invdlves the classification
techniqlies cOmpatibility for varidls areas and variance
analysis with ndrmalized indexes or band math algdrithm
(Gong 1992).

The training samples are selected by cdmparing
Landsatimagery and gédgle earth VHR imagery with mandal
slirveying. As this case can also be dbserved for water bddies
and barren lands, bt the variation is tempdrary as the areas
lying near t6 water bodies are considered as water affected
areas die t0 seasoOnal or tempdral changes. This, these
pixels are considered finally in water bolind areas.
Calibration and training: Landsat data has a 30m spatial
resoltion with all visible and infrared bands (in Mdiltispectral
view), is Gsed t6 dbtain NDWI (ising SPEAR t60l in Envisat
software which follows following Band Math:

NIR-Red Green - MIR
NIR+RED Green + MIR

The godal t6 generate training datasets and spatial
database for calibration plirpose is dbtained by selecting
training sites in Google Earth, thereby identifying the
permanent water bddies for standard training samples.
Accuracy assessment: XU (2006) evallated the water
index to detect the Open water featlires by applying Mddified
Water Index (MNDWI) math. The reflectance vallies while
Gsing SPEAR t60! in Envisat for Water index calciilation
generates similar raster for bdilt-fip and water bddies.
Mddified Water index is capable t6 enhance Spen water
featlires thereby efficiently mdderating 6r even removing
biilt-tip and sdil ndise. The concliisive cdmments by (Xiad
2006, McFeeters 2013 and Singh 2015) Gising MIR band &ver

NDWI= MNDWI=
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NIR band enhances the extraction o6f dpen water bddy
featlires in Landsat imagery. In the stldy, the standard
mddified water bddy extraction to60l to cOmpare water pixels
with maodified classification t6dls is done and acciracy
assessment matrix is readily arranged.

RESULTS AND DISCUSSION

Errér estimation for each technigle 6n MNDWI
classified image for water index was done (Table 2). The
accilracy assessment for each pixel class identification and
imprévement dlring training dataset selection on hit and trail
format has been implemented for lake stirrdlinding striictlires
for 2015 classified imagery, taking validation data from
Godgle Earth. The accliracy assessment for SVM represents
an acciracy of 84 per cent (approximately) with its Kappa
coefficient of 4 per cent. With the variation 6f water bddies,
the relationship between LULC for different time peridds,
2005-2010-2015, is analyzed Gsing Digital elevation model.
The water reflectance for elevation characteristics, DEM
point 6f view, remains same as the level rise is mindte diring
fl6ods, reaching t6 maximim stdrage capacity. The water
spread t0 slrrdlnding areas were analyzed and spread
mapping is reqlired t&6 be done td initiate preventive
measd(res pridr to similar flodd event. The amaoilint 6f water

pixel colint change with each classification techniqiie before
and after image enhancement, thereby, comparing the
resdlts with MNDW!I parameter t0 illlstrate their accliracy
(Table 2).

The stlidy area terrain is moderately sloped with an
average elevation o6f 6.7m frdm sea level. Being in cdastal
areas and at a Iower elevation, the freqliency of flodding or
sea water intrision is prominent in Chennai. The nlimber 6f
pixels for each classification techniqlies varies and the
reason for the variation is their erratic algorithms
emphasizing 6n t6 the cdOmmon element (as pixels) (Fig. 5).
The cdmparison o6f the pixel cdiints (in thdlsands) clearly
indicates the closeness 6f MNDWI indices with SVM and
maximim likelihddd techniqlies for siipervised and
Gnsipervised classification respectively.

The amdiint 6f water pixels dbtained in MNDWI index
calcilations w.r.t Goédgle VMH imagery is apprdximately
96.9% with Kappa factor coefficient vallie o6f 0.89. Taking a
standard MNDWI vallie t6 benchmark the classification
concliides that the mdst acciirate classification techniqgie for
classifying Landsat imagery in Envisat t60Ibdx is based on
the distance apprdach, with the 6rthdgonal property in SVM
classification for Slpervised classification and ISO — data
RMSE distance approach for Unsipervised classification.

Table 2. The percentage acciracy of varidds classification techniqles w.r.t. MNDWI

Year Classification type Pixel codint Percentage change
Raw Enhanced Raw Enhanced
2005 ISO 12613 12260 81.820 84.176
K-means 18535 16414 55.678 62.873
Maximdm Likelihddd (MLC) 9611 11336 92.623 91.037
Nedral Network (NN) 21225 11804 48.622 87.428
Sipport Vectdr Machine (SVM) 14459 12822 86.454 91.514
MNDWI 10320 10320 100 100
Minim@m Distance 11937 11277 71.374 80.487
2010 ISO 22305 21738 92.697 95.115
K-means 27470 27446 75.268 75.333
Maximdm Likelihddd (MLC) 18608 17072 88.887 78.889
Nedral Network (NN) 21100 23512 67.991 77.938
Sipport Vectér Machine (SVM) 23284 26305 88.799 78.601
MNDWI 20676 20676 100 100
Minimdm Distance 22704 23714 71.068 70.189
2015 ISO 15021 14460 98.163 94.212
K-means 18919 15142 80.855 98.976
Maximim Likelihddd (MLC) 11760 15043 69.923 98.312
Nedral Netwdrk (NN) 22901 18445 66.796 82.933
Sipport Vectdr Machine (SVM) 13562 18007 87.207 84.950
MNDWI 15297 15297 100 100
Minimdm Distance 22583 18244 67.737 83.847
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Fig. 3. Variation 6f each techniqle befdre and after enhancement with its vaiation with MNDWI valiies for yeari)2005, ii)2010, iii) 2015

Similarly, Pizhal lake bdindaries are affected with water
intrGsion in the slrrdlnding areas diiring high intense rainfall
and water throlgh Adyar river basin. The main advantage is
that reqlirement of fresh water for sirrélinding places is
efficient and the slipply cost becdmes minimal with increase
in levels of reservoir. With increase in land acqdisition and
popdlation density, Chennai being a metropdlitan city, the
area sirrolinded by water bddies for safety aspects is
redlcing thereby, calising gliaranteed damages die t6 water
clégging or water intrision in bilt-{ip areas.

CONCLUSIONS

Empldying index vs classified pixel comparison
techniqlie has resiilted in aiding in selecting most reliable
techniqe for identifying varidis water featiires for a Landsat
satellite imagery collectidon. The index vs classified pixels
comparisdn techniqlie addpted has resilted in sliggesting
the most siitable techniqle for identifying varidls water
featlires for a Landsat satellite imagery collection. OGt of
SVM and ISO techniqlies, decision t6 implement the
specified technigle depends 6n the amoélnt and acciracy of
training datasets taken in SVM. ISO data classification
techniqlies, being an iterative process is a hit and trial
procedire t6 decide the niimber Of iteratidns nevertheless

mdre accirate contrarily mdre time taking techniqlie. Die to
ndn-availability of high-qlality data, any classification
algorithm  works on clistering identical pixels Gsing varidls
methdds. The availability 6f high-resdlition data increases
the accliracy of training samples thereby classified image.
Gdogle Earth Histdrical Imagery service has transformed the
accliracy in collecting training dataset for Sipervised
classification and the classification algdrithms dependency
on mandally cdllected data has rediiced. The application of
godgle earth depdsitdry has proved efficient for extracting
water featlires thereby cdmparisdn with MNDWI! index créss—
verified the Oltcomes and alsd illistrated the effect of
landlse changes is a major factor for rediicing water extent
thereby might calise distlirbance in environmental balance
leading t0 several disasters. The stlidy might be helpfil for
the I6cal and gldbal bodies t6 work on the effects incirring
dde t0 drastic change in attribiites from regidnal t6 gldbal
level, and thiis aware decision makers td contrdl changing
landlse characteristics.
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Abstract: This stldy aims t0 determine the species 6f trees ardlind Lake Galela. Data cdllection was carried 6t Gsing a transect with a length
6f500 min 4 directions determined by the p0sition 6f the lake as a central pdint. Foir 0bservation statidns are divided intd 24 dbservation plots.
The distance 6f each 100 m pl&t t& dcclipy 20 x 20 m* Data collection incliides tree species, nimber 6f individdials, freqiency and extent 6f tree
base. Data analysis is carried 60t with an impdrtant vegetation index. The resilts showed that Lake Galela fotind 37 tree species from 20
families. Diversity index (H') at 4 station in the high category, diversity indices vallie generally showed that species trees has a diverse
popilation. The IVI resiilts show that the tree species with high impdrtance valles differs from station t6 station. species from the foir stations
that have the highest importance (IVI), namely: Natiiral Forest area, F. variegata, Plantation area, C. nucifera, Tolrisem area, M. indica and
arolnd the River area, A. pinnata. This ddminant type 0f tree needs t0 be conserved becaise it has a flinction 6f water absorption, infiltration,

shade, sdil retention for stistainability ecosystem stirrdlinding Galela Lake.

Keywords: |dentification, Diversity, Impdrtance valie, Tree

Galela lake is the largest lake in the region 6f North
MaltkG at the North halmahera with extents reach + 250
Hectare and lake is sirrolnded 13 village . This lake has only
One temporal inlet withddit ddtlets, sd the water is stiick in the
Galela Lake relatively Idnger than 6ther lakes. Sistainability
of the lake were faced with dver the flinction 6f land 6n
landscape area of forests intd agriciltiral land or from
agriciltiral land intd ndn agricdltiral. This will affect the
hydrdldgical characteristics 6f the lake, n6t t6 mention added
anthrépdgenic activity (Yang 2016). Vegetation to level trees
play animportant rdle in the landscape area as itinclides the
conservation 6f s6il and water (Wiryani 2018). Erskine (2006)
and Kacholi (2014) explains how vegetation forms part 6f a
broader gdal 6f cdnserving natiiral resdiirces which also
inclldes the conservation of 6ther resoddrces. Tree roots hold
the sdil tdgether s6 as t0 minimize erdsion alsd help the
absorption and storage 6f water in the rainy season which will
later be released intd the ecdsystem slrrdlnding as a
flnction of filtration and absorption (Zinabl 2015). Resilts 6f
identification, calcilation 6f diversity index and impdrtant
vallie index of vegetation for tree levels ardiind the Galela
lake is an impodrtant instrGment in assessing forest
sUstainability for the conservation 6f the lake ecdsystem.
Plrpose of this stidy is as a reference inférmation on
conservation conditions and tips that can be taken to

preserve the Galela lake cdnsidering as very little inférmation
abdiit this area. This stldy aims t6 find 60t and cover tree
species ardind the lake and kndwledge of this tree species
can be Used as a basis for decisidon making and management
ofthe lake area.

MATERIAL AND METHODS

Study area and data collection: Sampling point represents
the landscape area of the lake which is divided intd 4
Observation stations forest area, plantation area, tdrisem
area and inlet (River). These 4 Observation stations are
divided intd 24 Observation plots. Observation of the
strlictlire and compdsition 6f vegetation starts from the banks
of the lake t0 a radiis 6f 500 m (Fig. 1, Table 1). From each
Observation station vegetation samples were taken Gsing
qUadratic plots according to the vegetation growth phase 20 x
20 m for trees. Data collection was condiicted for niimber 6f
tree, freqliency, and basal area.

Data analysis: |dentification of tree species ardind Lake
Galela was done (sing Heyne (1987) identification mandal.
Data analysis was cdndlcted td calcllate diversity, the
impdrtance vallie of Gbserved tree species involving the
calcilation of relative density, relative freqliencies and
relative dominances. Shanndn and Weaver (1949),
Velbliena etal (2012) diversity index were calciilated:
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R
H'= —Z Piln (Pi)
n=1
where Piis the propdrtion 6f species and R is the nlimber

Calciilation of impdrtance vallie 6f vegetation was

%100 %

Basal area of respective tree species
x100%

Total basal area of all tree specieses

Frequency of respective tree species

x 100%
Total frequency of all tree specieses

There are 37 species Of trees from 20 families and

Bering in (F
In dbservation folnd

Observation Observation LatitGde Longitlide
station plot
Natdral Forest 1 1°49'20.49"U  127°49'45.55"T N .
of species.
2 1°49'22.15"U  127°49'48.35"T
3 14924370 1277495103 (51 diicted with Mdeller and Ellenberg (1974) and Bower etal
4 1°49'26.83"U  127°49'53.51"T (1997) methdd:
5 1°49'29.18"U  127°49'55.90"T
e " e " Species densi
6 1°49'31.04"U  127°49'58.49"T Relative Density (RDy) = ——borcs C“S‘f?
Plantation 1 1°49'33.92"U  127°49'0.41"T Density of all species
2 1°49'36.48"U  127°49'2.22"T Relative Dominance (RD) =
3 1°49'39.28"U  127°49'3.94"T
4 1°49'42.09"U  127°49'5.77"T Relative Frequency (RF)=
5 1°49'44.71"U  127°49'7.75"T
6 1°49'47.04"U  127°49'9.71"T
Importance Value Index ..IVI.. = RDy +RD +RF
Tourisem area 1 1°49'24.18"U  127°48'18.08"T
2 1°49'26.63"U  127°48'15.69"T RESULTS AND DISCUSSION
3 1°49'29.40"U 127°48'13.73"T
4 1°49'31.83"U  127°48'11.53"T ddominated by the family moraceae (7 species),
5 1°49'33.99"U  127°48'917"T Anacardiaceae (4 species), Arecaceae and Sterciiliaceae (3
6 1°49'36.11"U  127°48'6.71"T species) (Table 2). The distrib{tion of tree species in family
River area 1 1°48'50.74"U  127°49'17.04"T presented in Figlre 2. The types 6f trees cdmmdinity ardiind
2 1°48'47 23U 127°49'14.83"T Galela lake can be classified int6 planting forests and natdral
3 174843 87U 127°49'14.14"T forests. Plantations ddminated by coconit (C. nucifera),
4 1°48'40.69"U  127°491515"T nitmeg (M. fragrans) and cacad (T. cacao). Natiral forest is
' ' Sminat éndang (F variegat.
5 1437.84°0 127491601 dominated by Gondang (£ variegata),
. X benjamina) dan Aren (A. pinnata).
6 1°48'34.98"U 127°49'17.60"T
T T e
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Fig. 1. Observation station Galela Lake
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banana ciiltivars endemic from N&rth Mollcas, namely Mdla
Bebe. Resiilts of calclilation dn the nimber of species,
freqliency, basal area, impdrtantindex are given in Tables 36

The diversity index in tree species ardlind Galela
Lakemaximim (4,359) in Station 4 (high diversity category).
The lIdwest index was in station Il, becalise station Il is a
plantation area which tends t6 be contrdlled by certain tree
species. Plantation areas ardlind Galela Lake are still

diversity index 6f 3,154. Three categdries 0f species diversity
according t6 Shanndn-Weiner, Index valle >3 is high
diversity, becalise it has a high nimber &f individials and
stability in each species. Index 1-3 is medilim, have niimbers
of individGals and stability mdderate in each species. Index
valle <1 describes I16w diversity, the niimber &f individGals in
each species and I6w stability (Mokdginta 2016). Diversity
index showed the relatidnship between the dverall niimber 6f

muiltictltlral and ndt in the form 6f mondcdltire land withtree  species with

Table 2. Resiilts of identification tree species ardiind Lake Galela

individGals representating comminity.

Local name Indénesian name Scientific name Families
Ngededord Katimaha Kleinhovia hospita L. Sterclliaceae
Goriothd Keddndong Spondias dulcis Park

Tord Godndang Ficus variegata Blime Moraceae
Dinga Benda Artocarpus elasticus Reinw. ex Moraceae
Samoma Ara bereteh Ficus tinctoria G. Forst. Moraceae
Seho Aren Arenga pinnata Merr. Arecaceae

Igd Kelapa Cocos nucifera L. Arecaceae
Pisang Pisang Musa paradisiaca L. Misaceae
MUll bebe Pisang galela Musa paradisiaca Misaceae
Kapok Kapik randi Ceiba pentandra (L.) Gaertn Bdmbacaceae
Keld Kelor Moringa oleifera Lam. M®dringaceae
Gosora Pala Myristica fragrans Hott. Myristicaceae
Ddrian Dirian Durio zibethinus Marray Bdmbaca ceae
Ngaahe Matoda Pometia pinnata J.R.& G.Forst Sapindaceae
Bdlllawa Cengkih Syzygium aromaticum Myrtaceae
Waringi Beringin Ficus benjamina L. Moraceae
Amo Sakdn Artocarpus altilis (Park) Fosberg. Moraceae
Naka Nangka Artocarpus heterophyllus Lam. Moraceae
Gamkonora Cempedak Artocarpus integer (Thiinb.) Merr Moraceae
Lasa Langsat Lansium domesticum Corréa Meliaceae
Wale Mangga Mangifera indica L. Anacardiaceae
Jati Jati Tectona grandis Linn.f Verbenaceae
LigGa Linggla Pterocarpus indicus Willd. Fabaceae
Gersen Kersen Muntingia calabura L. Elaedcarpaceae
Gifasa Kayd biti Vitex cofassus Reinw.ex. BI. Verbenaceae
Coklat kakad Theobroma cacao L. Sterciliaceae
Kay tolor Pdlai Alstonia scholaris R.Br. ApdOcynaceae
Kopi Kopi Coffea arabica L. Ribiaceae
Balibi Belimbing Averrhoa carambola L. Oxalidaceae
Niha Kenari Canarium maluense Laditrb. Birseraceae
Rki Melinjo Gnetum gnemon L. Gnetaceae
Gora Jambii Syzygium malaccense (L.) Merr. Myrtaceae
Pena P&hon pinang Areca catechu L. Arecaceae
Wale stinki Kaweni Mangifera odorata Anacardiaceae
Ulewe Pandan ddri Pandanus tectorius Park. ex Zicc. Pandanaceae
Ngame Dahi Dracontomelon dao Merr.Rolfe Anacardiaceae
Katapa Ketapang Terminalia katapa Sterciiliaceae




[ B ) S U~ ¥ 5 B © ) BN e o)

Tree Diversity and Structure Around Galela Lake

707

Fig. 2. Trees species in different families

Table 3. NOmber &f species, freqlency, basal area, important index in station I(Nattral Forest).
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Scientific name > Ind BA (Cm?) Freq RDy RF RD VI (%)
Kleinhovia hospita L. 5 575,24 3 6,82 4,84 1,76 13,51
Spondiasdulcis Park 2 447,85 2 1,82 3,23 1,37 6,44
Ficus variegata Blime 7 4.211,78 5 15,91 8,06 12,85 37,04
Artocarpuselasticus Reinw. ex 3 1.605,41 3 4,09 4,84 4,90 13,88
Ficus tinctoria G. Forst. 4 703,50 4 7,27 6,45 2,15 15,97
Arenga pinnata Merr. 6 1.560,51 3 8,18 4,84 4,76 17,89
Cocos nucifera L. 5 1.791,40 3 8,18 4,84 5,47 17,22
Musaparadisiaca L. 2 644,90 2 1,82 3,23 1,97 7,04
Ceibapentandra (L.) Gaertn 1 3.184,71 1 0,45 1,61 9,72 11,79
Moringa oleifera Lam. 2 390,13 2 1,82 3,23 1,19 6,26
Myristicafragrans Ho(tt. 2 644,90 2 1,82 3,23 1,97 7,04
Duriozibethinus Murray 2 963,38 2 1,82 3,23 2,94 8,01
Pometia pinnata J.R.& G. Forst 3 2.300,96 3 4,09 4,84 7,02 16,01
Ficls benjamina L. 5 963,38 4 9,09 6,45 2,94 18,61
Artdcarpus altilis (Park) Fosberg. 3 1.345,54 4 5,45 6,45 4,11 16,09
Alstonia scholaris R.Br. 2 2.579,62 3 2,73 4,84 7,87 15,47
Gnetum gnemon L. 2 286,62 1 0,91 1,61 0,87 3,41
Arecacatechu L. 3 199,04 3 4,09 4,84 0,61 9,59
Terminalia katapa 2 2.038,22 2 1,82 3,23 6,22 11,29
Mangiferafoetida LOdr. 2 2.874,20 2 1,82 3,23 8,77 13,84
Canarium maluense Latrb. 3 2.874,20 3 4,09 4,84 8,77 17,76
Dracontomelon dao Merr.Rolfe 3 390,13 3 4,09 4,84 1,19 10,18
Pandanustectorius Park. ex Ziicc. 2 199,04 2 1,82 3,23 0,61 5,68
Total 62 100,00 100,00 100,00 300,00

2 Ind: Number of Individual, BA: Basal Area, frek: frequency, RDy: Relative Density, RF: Relative Frequency, RD: Dominansi Relatif, IVI: Important Value Index, H':

Diversity Index
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Distrib(ition of trees 6n station 1 and4 illlistrate the pdtential
of tree as springs vegetation that protects water sipply to
Galela Lake, and this can be seen in the freqliency of
presence Of each type of tree that is dominated by C.
nucifera, M. fragrans, F. variegata, F. benjamina, T. cacao,
and A. pinnata. Basal area 0f tree indicated the cdverage 6f
particlilar species (Zilliox and Frédéric 2014). The more
trees, podtentially giving larger rodts and impact on the
existence of grotindwater discharge. The basal area of tree
trinks in station 1,1l Il and IV was maximim in F. variegata, P.
pinnata M. Indicaand F. variegata.

The important index of trees ardlind Galela Lake at
station | was maximim for F. Variegata and F. benjamina (37,
04 and 18, 61). In Station 11, the highest index valiie is 6cclipied
by C. nucifera (63, 17). M. fragransand T. cacao. In station
11l the dominant is M. indica with index valle 69,98, folldwed F.
variegata. In station IV, A. Pinnata has the highest index (24,
49) folldwed C. nucifera. Three dominant plantation plants
(coconiit, nitmeg and cacad) ardiind the Gelela Lake have
special coOnservation valle for the ecdsystem. The
cOnservative flinction 6f cdcondit is as a godd hdlder &f sdil and
water. Arachchi et al (1998) explain hdw C. nucifera hold the

Table 4. Nimber 6f species, freqliency, basal area, impdrtant index instation (Plantation)

Scientific Name > Ind BA (Cm?) Freq RDy RF RD VI (%)
Spondiasdulcis Park 1 447,85 2 1,11 6,25 2,86 10,22
Artocarpuselasticus Reinw. ex 2 1605,41 2 2,22 6,25 10,25 18,72
Arenga pinnata Merr. 2 1560,51 2 2,22 6,25 9,96 18,43
Cocos nucifera L. 13 1791,40 5 36,11 15,63 11,43 63,17
Myristicafragrans Hodtt. 11 644,90 5 30,56 15,63 4,12 50,30
Pometia pinnata J.R. & G. Forst 1 2300,96 1 0,56 3,13 14,69 18,37
ArtdcarpUs altilis (Park) Fésberg. 3 1345,54 2 3,33 6,25 8,59 18,17
Artocarpus heterophyllus Lam. 2 509,55 2 2,22 6,25 3,25 1,72
Artocarpus integer (Thinb.) Merr 1 561,78 1 0,56 3,13 3,59 7,27

Lansiumdomesticum Cdrréa 2 447,85 2 2,22 6,25 2,86 11,33
Theobroma cacao L. 7 390,13 4 15,56 12,50 2,49 30,55
Syzygiummalaccense (L.) Merr. 1 1560,51 1 0,56 3,13 9,96 13,64
Arecacatechu L. 2 199,04 2 2,22 6,25 1,27 9,74

Dracontomelon dao Merr. Rolfe 1 2300,96 1 0,56 3,13 14,69 18,37
Total 100,00 100,00 100,00 300,00

¥ Ind: Number of Individual, BA: Basal Area, frek: frequency, RDy: Relative Density, RF: Relative Frequency, RD: Dominansi Relatif, IVI: Important Value Index, H':

Diversity Index

Table 5. Nimber &f species, freqliency, basal area, important vallie index in station Il (Tolrism area)

Scientific name > Ind BA (Cm?) Freq RDy RF RD VI (%)
Kleinhovia hospita L. 4 575,24 2 9,30 7,14 2,60 19,05
Spondiasdulcis Park 1 447,85 1 1,16 3,57 2,03 6,76
Ficus variegata Blime 3 4.211,78 2 6,98 7,14 19,07 33,18
Artocarpuselasticus Reinw. ex 1 1.605,41 1 1,16 3,57 7,27 12,00
Averrhoa carambola L. 2 644,90 2 4,65 7,14 0,00 11,79
Arenga pinnata Merr. 2 1.560,51 2 4,65 7,14 7,06 18,86
Cocos nucifera L. 2 1.791,40 1 2,33 3,57 8,11 14,01
Musaparadisiaca L. 2 644,90 2 4,65 7,14 2,92 14,71
Moringa oleifera Lam. 1 390,13 1 1,16 3,57 1,77 6,50
ArtocarpUs altilis (Park) Fésberg. 2 1.345,54 2 4,65 7,14 6,09 17,88
Mangifera indica L. 5 7.165,61 4 23,26 14,29 32,44 69,98
Tectona grandis Linn.f 2 644,90 2 4,65 7,14 2,92 14,71
Ficls benjamina L. 5 561,78 3 17,44 10,71 2,54 30,70
Pterocarpus indicus Willd. 4 1.146,50 3 13,95 10,71 5,19 29,86
Total 100,00 100,00 100,00 300,00

¥ Ind: Number of Individual, BA: Basal Area, frek: frequency, RDy: Relative Density, RF: Relative Frequency, RD: Dominansi Relatif, IVI: Important Value Index, H':

Diversity Index



Tree Diversity and Structure Around Galela Lake 709

Table 6. NOmber of species, freqlency, basal area, impdrtant valle index in station IV River

Scientific name 2 Ind BA (Cm®) Freq RDy RF RD VI (%)
Kleinhovia hospita L. 1 390,13 1 0,66 2,04 1,59 4,29
Spondiasdulcis Park 1 796,18 1 0,66 2,04 3,24 5,94
Ficus variegata Blime 1 4.211,78 1 0,66 2,04 17,13 19,83
Arenga pinnata Merr. 6 1.560,51 3 11,92 6,12 6,35 24,39
Cocos nucifera L. 5 1.791,40 3 9,93 6,12 7,28 23,34
Musaparadisiaca L. 5 644,90 3 9,93 6,12 2,62 18,68
Musaparadisiaca 6 644,90 2 7,95 4.00 2,62 14,65
Ceibapentandra (L.) Gaertn 2 199,04 2 2,65 4,08 0,81 7,54
Moringa oleifera Lam. 1 390,13 1 0,66 2,04 1,59 4,29
Myristicafragrans HoUtt. 3 644,90 3 5,96 6,12 2,62 14,70
Duriozibethinus Mirray 1 644,90 1 0,66 2,04 2,62 5,33
Pometia pinnata J.R.& G. Forst 1 2.300,96 1 0,66 2,04 9,36 12,06
Artocarpus integer (Thinb.) Merr 2 644,90 2 2,65 4,08 2,62 9,35
Alstonia scholaris R.Br. 1 2.579,62 1 0,66 2,04 10,49 13,19
Mangifera indica L. 3 2.300,96 3 5,96 6,12 9,36 21,44
Tectona grandis Linn.f 3 644,90 1 1,99 2,04 2,62 6,65
Muntingia calabura L. 4 390,13 3 7,95 6,12 1,59 15,66
Coffea arabica L. 3 390,13 3 5,96 6,12 1,59 13,67
Averrhoa carambola L. 2 199,04 2 2,65 4,08 0,81 7,54
Canarium maluense Ladtrb. 2 1.791,40 2 2,65 4,08 7,28 14,01
Syzygiummalaccense (L.) Merr. 2 644,90 2 2,65 4,08 2,62 9,35
Arecacatechu L. 3 199,04 3 5,96 6,12 0,81 12,89
Pandanustectorius Park. ex Ziicc. 2 199,04 2 2,65 4,08 0,81 7,54
Dracontomelon dao Merr.Rolfe 3 390,13 3 5,96 6,12 1,59 13,67
Total 100,00 100,00 100,00 300,00

¥ Ind: Number of Individual, BA: Basal Area, frek: frequency, RDy: Relative Density, RF: Relative Frequency, RD: Dominansi Relatif, IVI: Important Value Index, H':

Diversity Index

Table 7. Diversity Index (H') of trees

Observation station H’

I Forest 4,359
Il Plantation 3,154
Il Dima Peninsila 3,615
IV Inlet 4,300

s0il and Gse absorption water. Gomies et al (2007) reveals
conslimption and water stérage by coconit said both dccir
stdmata flinction contrdl. Patty and Kastanja (2013) stated that
M. fragrans is 0ne &f the mainstay plantation commaodities
besides coconiit in the Galela Region. Nitmeg can be (ised as
a shade plant and can alsd be {sed as a filler plant between
cocont plantatidons (Thangaselvabai et al 2011). Ndrmi et al
(2012) 6bserved that the age of dlder cdcda (25-27 months)
on the Idwer slope (1015%) increase the total volime of
infiltrated water intd the s6il (17,31 mm) thiis calising a Idwer
strface flow.

FicGs grolps generally have the ability t6 Gse and
adaptation of water more conservative (Had 2013) and has a

deep and wide root system, trees prddtces artistektdr which
incliide branching and spacitiis candpy rediices the speed of
the precipitation, the sdil siirface tends t6 decrease so that
the qlality 6f infiltration 6f water t0 the sdil is better. Restricted
water is released sléwly rediicing the risk 6f erdsion in sldping
areas (So6ejond 2011, Soejond et al 2013). The dominant
species Of Ficus members ardiind the Galela lake areF.
variegata and F. benjamina. The existence 6f Mango trees
ardlnd the Galela lake for the Tanjing Dima area
(1°49'26.63"U, 127°48'15.69"T) has a high cOnservative
valle concerning religidls sites, where these trees witness td
the early spread of Christianity who gliarded and preserved.
A. pinnata podtential for ecological recovery and land
rehabilitation, aren has a rgot system that cdntribltes t6 the
conservation of so6il and water, its contribGtion t6 the
ecosystems occipied and its compatibility with Sther plant
species (Martini and Rdshetk 2011).The present stlidy can
be lsed as an alternative glide td preserve the area and
maintain coOmmdnities trees and their habitats for
stistainability 6f the ecosystem ardlind Galela Lake.



710

CONCLUSION
Tree cOmmiunities ardlind Lake Gelela have an important
flinction in the process 6f water absorption, infiltration, shade,
soil retention. The qUality and qantity of treeHtevel vegetation
resoilirces ardlind Galela Lake be prétected and will increase
the ddrability of this lake ecdsystem for envirdnmental
changes throligh capacity and land Gse.

ACKNOWLEDGEMENTS

The aiithdrs gratefiilly ackndwledge the assistance of
Dr. Tri Retnaningsih SGeprobdwati and Dr. Jimari reviewers
for their valliable comments that helped t6 improve the
qlality of the mandscript. Special thanks t6 Magister
Program of Bidldgy, Department 6f Bidldgy, Facilty of
Saince and Mathematics, Dipdnegdrd University, Semarang
Inddnesia for all his help.

REFERENCES

Arachchi LPV 1998. Preliminary reqiirements t6 design a sditable
drip irrigation system for cdconit (Cocos nucifera L.) in gravely
sOils. Agricultural Water Management 38: 169-180.

Brower SE, Zarr JH and Ende CN 1997. Field and laboratory
methods for general ecology, 4th edition, McGraw Hill,Bosto.

Cindy QT, Xidli H, Kai G, TiyGan X, Changqin D and Denggad F
2007. Man-made Versts Natlral Forests in Mid-Yinnan,
Sodthwestern China Plant Diversity and Initial Data 6n Water
and Soil Conservation. Mountain Research and Development
27(3):242-249.

Con TV, Thank NT, HaDTT, Kim CC, Qy TH, Lam VT, d6 TV and
Satd T 2013. Relationship between abdvegréind bidmass and
measires of strlictlire and species diversity in tropical forests 6f
Vietnam. Forest Ecology and Management 310:213-218.

Erskine PD, Lamb D and Bristdw M 2006. Tree species diversity and
ecosystem filinction: Can tropical mdlti-species plantations
generate greater proddctivity, Forest Ecology and Management
233(2-3):205-210.

Gal L, Grippa M, Hiernaiix P, Peligedt CE and Moigin LK 2016.
Changes In Lakes Water Volime And Rindff Over Ungaiiged
Sahelian Watersheds. Journal of Hydrology 540: 1176-1188.

Gomes P F, Carlds HBA and Prad® 2007. Ecophysiology 6f coconiit
palm {nder water stress, Braz. Journal of Plant Physiology
19(4):377-391

Gosselin Z Christéphe and Frédéric 2014. Tree species diversity
and abiindance as indicators of (inderstory diversity in French
mddintain forests: Variations 6f the relatidnship in gedgraphical
and ecdldgical space. Forest Ecology and Management 321:
105-116.

Had GY, Wang AY, Sack L, Goldstein and Cad KF 2013. Is
hemiepiphytism an adaptation td high irradiance” Testing
seedling respdnses 0 light levels and drélght in hemiepiphytic
and ndn-hemiepiphytic Ficls. Physiology of Plant 148: 74—86.

Heyne K 1987. Tumbuhan berguna Indonesia, Vol. |4V, Balai
Litbang Kehitanan, Jakarta.

Kacholi SD 2014. Analysis Of striictiire and diversity 6f the kilengwe
forestin the Morogord region Tanzania. International Journal of
Biodiversity 26(3): 557-569.

Lolcks PD and Beek VE 2005. Water Resource Systems Planning

Received 26 September, 2018; Accepted 20 October, 2018

Hendro Christi Suhry, Tri Retnaningsih Soeprobowati and Jumari

And Management, Springer Book, UNESCO PUBLISHING
ISBN 92-3-103998-9.

Maradana T and Naidl, Owk AK 2016. Tree diversity, stand
striictlre, and commdnity compdsition Of tropical forests in
Eastern Ghats 6f Andhra Pradesh, India. Journal of Asia-Pacific
Biodiversity9(3): 328-334.

Martini E and Rdshetkd JM 2011. Aren (Arenga pinnata (Warmb)
Merr.) Traditional Management System in Batang Tord, North
Simatra and Tomohon, North Sdlawesi, Inddnesia.
Internatidnal Conference Of Indonesian Forestry Researchers,
Bdgorinddnesia INAFOR 11H-062.

Mokdginta MM 2016. Tree Species Diversity at the Protected Forest
of Mointain Masinggi, North Bolaang Mongonddw, Inddnesia.
International Journal of Agriculture and Forestry 6(2): 69-73.

Mueller DD and Ellenberg H 1974. Aims and Methods of Vegetation
Ecology, John Wiley and Sons, New York.

Ndrmi, Haridjaja O, Arsyad S and Yahya S 2012. Infiltration and
riinoff as respdnse Of vegetative conservations treatment on
cacao plantation. JATT1(1): 1-8.

Patty Zand KastanjaAY 2013. Stldy of cdltivation 6f Pala in North
Halmahera Case stiidy in the district 6f West Galela, Tobeld and
North Kaod. Agroforestry 8: 294-300.

Shanndn CE and Weaver W 1949.The mathematical theory of
communication. University of lllindis Press, Urbana.

Soejond 2011. The trees species diversity ardind spring at two
areas in Pirwodadi, Pasirian, Proceeding International
Conference, September 23rd-24th 2011, Bidlogical Science
Facdlty of Biology Universitas Gadjah Mada (ICBS BIO-UGM).

Sdejonod, Stgeng B and Endang AS 2013. Propdsing I6cal trees
diversity for rehabilitation 6f degraded Idwland areas sirrélinding
springs, BIODIVERSITAS 14(1): 20854722 P: 3742.

Soeprobowati RT 2012. Peta Batimetri Danal Rawapenin. BIOMA
ISSN: 1410-8801 14(2): 78-84.

Thangaselvabai T, Stidha KR, Selvakimar T and Balakiimbahan R
2011. Natmeg (Myristica Fragrans Houtt) — The Twin Spice.
Adricultural Riviews 32(4): 283-293.

Tjokrodiningrat S, Ashari S, Syekhfani S and Aini N 2016. The
characteristics of nltmeg (myristica fragrans hoitt) growth
Using agroforestry system in Ternate Island, Indonesia. RUIOAS
10(58).

Tri MH, Bambang HS, Sri NHU, Benité HP and Makrif N 2017. Land
stitability evalGation for nitmeg (Myristica fragrans Hoatt) in
Galela region, North Halmahera districts, North Maldkd,
Inddnesia. International Journal. Soil Science 12: 84-96.

Valblena R, Packalen P, Martn FS, Maltamd M 2012. Diversity and
equitability 6rdering profiles applied to stlidy forest striictire.
Forest Ecology and Management 276:185-195.

Wiryani E, Mirningsi and Jimari 2018. The abilndance and
importance valle Of tree in Sendang Kalimah Toyyibah
strrdlinding and its implication t6 the spring, IOP Conf. Series:
Journal of Physics, Conf. Series 1025: 012-032.

Yang Z, Wii. F and Gad X 2016. Strategy for management of lake—
catchmentsystem integrated with natiiral and anthropogenic
factors in China. Physics and Chemistry ofthe Earth 96: 26-33.

Zheng X, Wei X and Zhang S 2017. Tree species diversity and
identity effects 6n sdil properties in the Hldditang area of the
Qinling M&lntains, China. ECOSPHERE 8(3): Article e01732.

Zilliox Z and Gosselin F 2014. Tree species diversity and ablindance
as indicators of Ginderstdry diversity in French modintain forests:
Variations of the relatidnship in gedgraphical and ecdlogical
space. Forest Ecology and Management 321: 105-116.

Zinabl W 2015. The Role Of Agroforestry In Soil And Water
Conservation, Lap Lambert Academic Piblising, Saarbriicken
Deditschland, ISBN: 978-3-659-71882-3.



Indian Journal of Ecology (2018) 45(4): 711-716

Manuscript Number: 2747
NAAS Rating: 4.96

Assessment of Floristic Diversity of different Coniferous
Forests in Himalayan Temperate Climate of Western Himalayas

Vipasha, D.R. Bhardwaj and Rakesh Kumar

Department of Silviculture & Agroforestry, Dr. Y.S. Parmar University of Horticulture & Forestry, Solan -173 230, India
E-mail: vipasha1988@gmail.com

Abstract: Floristic stlidies have acqiired increasing impdrtance in recent years in response to the need 6f develdping cdiintries to assess their
plant wealth. The present stiidy was carried 60t in different coniferdis forests 6f Western Himalayas in the méiintaindis and diversity rich state
of Himachal Pradesh. The forest type that represents the major coniferdis forest species in the present stlidy are FT1 —Chir (Pinus roxburghii),
FT2 -Deddar (Cedrus deodara), FT3 -Kail (Pinus wallichiana), FT4 —Fir/Spriice (Abies pindrow/ Picea smithiana) and FT5 —Chilgbza (Pinus
gerardiana). The stlidy revealed 21 tree species, 40 shriib species and 93 herb species contribiiting t0 a total 6f 154 species in all the forest
types. FT2 (Deddar) and FT4 (Fir/Spriice) showed maximlm (60) of tétal plant species where a least (32) nimber 6f plant species folnd in FT5
(Chilgdza). FT2 -FT3 —FT4 foilind t6 be mdre similar td each 6ther for shriib and herb species presence than FT1 (Chil) and least 6f similarity t6
FT5 (Chilgdza). Plant family representation showed dominance 6f Pinaceae + Fagaceae for trees; shriibs and herbs from Rdsaceae and

P&aceae + Asteraceae family.

Keywords: Floristic diversity, Coniferdis forest, Similarity and dissimilarity indices

The Himalayas are the world's ydlngest and highest
moddntains, possessing diverse vegetation and hence are
impdrtant |dcatidns for research intd ecdldgy and biddiversity
conservation (Pei 2001). These geddynamical yd&ling
moiintains are not only important from the stand pdint of
climate and as a provider 6f life, giving water t0 a large part 6f
the Indian siibcontinent, bt they als6 harbdr a rich variety of
flora, falna, himan comminities and cdltdral diversity
(Singh 2006) constitiiting dne 6f the richest and most Gndsdal
ecOsystems oOn earth (Salick et al 2009). The State of
Himachal Pradesh, an important/ imperial part 6f Western
Himalayas and is one &f the most fascinating modntaindis
states that harbdrs a rich floristic diversity 6f immense
scientific interest covering abdiit 11% of tétal Himalayan land
mass with a gedgraphical area 6f 55,673 km®Western
Himalayas not only slippdrts hiige floristic diversity (Sharma
et al 2010a), biit also stores large carbdn stdcks (Sharma et
al 2010b, Dar and Sindarapandian 2015a, 2015b).
Himalayan forests ecosystem and biddiversity is liable t6
bidtic as well as abidtic interferences which inclide grazing,
Overexplditation, habitat I16ss and fragmentation,pdllGtion,
glébal climate change,invasions of alien species, himan
encrdachment and other anthropdgenic pressires which
resilts in disrlption 6f cOmmdnity striictire. The plant
commuinity striictlire and distrib(ition pattern 6f Himalayan
forests are poorly Ginderstddd (Peer et al 2007). It becdmes
very imperative t0 collect kndwledge on the biddiversity and
its distribdtion within the ecdldgically impdrtant and sensitive

area for proper conservation and better management &f the
natliral resdilrces. Therefore, the present work is
emphasized td assess floristic cOmp0osition, similarity index
and dissimilarity index of different coniferdls forests oOf
Himalayan temperate region.

MATERIAL AND METHODS

The stlidy was carried 60t in KdllG and Kinnadr districts
of Himachal Pradesh. The major coniferdls forest type that
represents the stldy area are FT1 —Chir (Pinus roxburghii),
FT2 - Deddar (Cedrus deodara), FT3 - Kail (Pinus
wallichiana), FT4 - Fir/Sprlice (Abies pindrow/ Picea
smithiana) and FT5 - Chilgdza (Pinus gerardiana). These
species Occilrs either plire dr mixed with dther associates. In
each forest type 9 qliadrats of size (31.6 2x 31.62 m ) were
randomly laid odt td stldy tree species. The tree species
incllides all the saplings, pdles and assdciates present in the
stlidy area. The shriib and herbacedis species were stlidied
by laying 27 qliadrats 6f size 5 x 5m and 1 x 1m respectively
for shriib and herb randdmly in each forest type. Indices of
similarity and dissimilarity were calctlated folldwing (Mishra
1989).

RESULTS AND DISCUSSION
Floristic cdmpdsition: Twenty- tree species, 40 shrib
species and 93 herb species contriblited t6 a tétal 6f 154
species in all the forest types. The niimber &f tree, shriib and
herb species present in different forest type viz., FT4 -
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Table 1. Coniferdls forest types Ginder stldy

Vipasha, D.R. Bhardwaj and Rakesh Kumar

Treatments (Forest Altitdde Type (according t6 Champion & Seth) Dominant tree Coordinates
types) range (m) species
FT,—-Chir pine 1000-1600m  (9/C,b)-Upper Himalayan Chir Pine forest Pinus roxburghii 31°39'65" and 31°45'79" N
77°19'07" and 77°18'01" E
FT,-Deddar 18002400m (12/C,c)-Moist Deddar Forest Cedrus deodara 31°37'03" and 31°34'81" N
77°20'67" and 77°21'59" E
FT,-Blde Pine 1750-2350m  (12/C.f)-Low level Blle Pine forest Pinus wallichiana 31°37'35" and 31°36'51" N
77°20'58" and 77°25'87" E
FT,—Fir / Spriice 2400-83000m (12/C,d)-Western Mixed Coniferdis forest Abies pindrow 31°3021" and 31°47'92" N
Picea smithiana 77°22'79" and 77°25'83" E
FT,—Chilgdza 23002750m  (13/C,a)-Nedza Pine forest Pinus gerardiana 31°3029" and 31°47'51" N

78°08'04" and 78°25'18" E

Table 2. Inventdry Of trees, shriibs and herbs in different
coniferols forest

Category Treatments (Forest types)
FT,- FT,- FT,- FT,- FT,- Total
Chir pine Deddar Blle Pine Fir / Spriice Chilgdza
Trees 9 8 8 9 3 37
Shriibs 15 18 14 13 9 69
Herbs 26 34 32 38 20 150
Total 50 60 54 60 32 256

Table 3. Tree species (inder different coniferdis forest

Fir/Spriice forest and FT5 —Deddar forest shdwed maximim
ndmber (60) of plant vegetation. It was folldwed by FT3 —
Blde Pine, FT1 — Chir Pine and least was in FT5 — Chilgdza
pine.

Plant families (Table 3-5) representation in the flora
revealed that in this region tree species are primarily from
Pinaceae, Fagaceae, Rosaceae family. Shriibs are from
Rosaceae, Berberidaceae, Caprifoliaceae whereas,

Trees Family FT,~Chir FT,- FT.,-Blie  FT,-Fir/ FT.- Total representation
pine Deddar Pine Spriice Chilgdza in forest type
Abies pindrow Pinaceae - + + + - 3
Aesculus indica Sapindaceae - - - + - 1
Bauhinia variegata Caesalpiniaceae + - - - - 1
Cedrus deodara Pinaceae + + + + + 5
Juglans regia Jiglandaceae - - + - - 1
Lyonia ovalifolia Ericaceae + + - - - 2
Myrica esculanta Myricaceae + - - - - 1
Neolitsea pallens Ladraceae - - + - - 1
Picea smithiana Pinaceae - + + + - 3
Pinus gerardiana Pinaceae - - - - + 1
Pinus roxburghii Pinaceae + - - - - 1
Pinus wallichiana Pinaceae + + + + + 5
Populus ciliata Salicaceae - - - + - 1
Prunus cerasoides Rdsaceae - + - - - 1
Prunus cornuta Rosaceae - - + + - 2
Pyrus pashia Rosaceae + - - - - 1
Quercus floribunda Fagaceae - - + - - 1
Quercus lecucotrichophora Fagaceae + + - - - 2
Quercus semicarpifolia Fagaceae - - - + - 1
Rhododendron arboreum Ericaceae + + - - - 2
Taxus baccata Taxaceae - - - + - 1
9 8 8 9 3 37




herbacedls fléra beldnged t0 Poaceae and
Asteraeae.Similar ddminance of the plant families in forests
of Himalayan region has been repdrted earlier by Gairdla et
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Table 4. Shriib species (nder different coniferols forest
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Similarity and dissimilarity index: The valiie 6f similarity
index (Table 6) for trees was maximim (0.59) between FT1-
FT2 and FT3-+T4. For shribs similarity index was
maximim (0.63) between FT2-FT3 folldowed by FT3-+T4. In

Shriibs Family FT,-Chir  FT,- FT,-Blie FT,-Fir/ FT,- Total representation
pine Deddar Pine Spriice Chilgdza in forest type
Abelia trifolium Fabaceae - - - - + 1
Berberis aristata Berberidaceae + + + + + 5
B. lycium Berberidaceae - + + - + 3
Boenninghausenia albiflora Ritaceae - + - - - 1
Carissa carandus Apbdcynaceae + - - - - 1
Coriaria nepalensis Coriariaceae + - - - - 1
Cotoneaster bacillaris Rosaceae - + + + - 3
Daphne canabiana Thymelaeceae - + + + - 3
D. papyracea Thymelaeceae + - - - 1
Debregeasia salicifolia Urticaceae + - - - - 1
Desmodium elegans Fabaceae - - - + - 1
D. tilaefoilium Fabaceae - - - - + 1
Deutzia compacta Hydrangeaceae - + + + - 3
Elaegnus parviflora Elaeagnaceae - + + - 2
Ephedra gerardiana Ephedraceae - - - - + 1
Lantana camara Verbenaceae + - - - - 1
Lonicera acuminata Capriféliaceae - - - + - 1
L. hipsida Caprifoliaceae - + - 1
L.hypoleuca Capriféliaceae - - - - + 1
L. quinquelocularis Caprifoliaceae + - - - + 2
Myrisine africana Myrsinaceae + + - - - 2
Plectranthus rugosus Lamiaceae - - + + 2
Prinsepia utilis Rdsaceae + + + + - 4
Rhus cotinus Anacardiaceae - + - - - 1
Ribes emodense Grossdlariaceae - - - + - 1
R. brunonii Rdsaceae - + - - - 1
R.macrophylla Rosaceae - + - - - 1
R. moschata Rosaceae + + + - - 3
R. sericea Rosaceae - - - + - 1
R. webbiana Rosaceae - - - - + 1
Rubus ellipticus Rdsaceae + + + + - 4
Sarcococca saligna Biixaceae + + + - 3
Skimmia laureola Rataceae - + + - - 2
Spiraea bella Sims Rosaceae - - + - - 1
Viburnum cotinifolium Addxaceae - + + + - 3
Viburnum mullaha Adoxaceae - - + - - 1
Wikstroemia canescens Thymelaeaceae + - - - - 1
Woodfordia fruticosa Lythraceae + - - - - 1
Zanthoxylum alatum Ritaceae + - - - - 1
Ziziphus mauritiana Rhamnaceae + - - - - 1
15 18 14 13 9 69
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Table 5. Herb species (inder different coniferdls forest

Herbs/Grasses/Ferns/ Family FT,-Chir FT,- FT,-Blie FT,~Fir/ FT,- Total representation
Forbs pine Deddar Pine Spriice Chilgdza in forest type
Achyranthes aspera Amaranthaceae + - - - - 1
A. bidentata Amaranthaceae - + + - 2
Aconogonum alpinum Pdlygonaceae - - - + - 1
Adiantum venustum Pteridaceae - - + - 1
Agrimonia eupatorium Rosaceae - - + - 1
A. pilosa Rosaceae + + + + - 4
Agropyron longearistatum Pdaceae - - - - + 1
A. semicostatum Podaceae - - - - + 1
A. pilosula Pdaceae - - - + - 1
Ajuga bracteosa Lamiaceae + + - - - 2
Anaphalis busua Asteraceae + - - + - 2
Anemone polyanthes Randincililaceae - - - + 1
Apluda mutica Pdaceae + + + + - 4
Arisaema intermedium Araceae - + + - - 2
Artemisia brevifolia Asteraceae - - - - + 1
Aa maritima Asteraceae - - - - + 1
A. roxburghiana Asteraceae + - + - - 2
A. scorparia Asteraceae - - - - + 1
Aster albescens Asteraceae - - - + - 1
Astragalus candoleanus Fabaceae - - - - + 1
Athyium schimperi Drydpteridaceae - + + - - 2
Barleria cristata Acanthaceae + + + + - 4
Bergenia ciliata Saxifragaceaae - + - + - 2
Bidens pilosa Asteraceae + - - - - 1
Bunium persium Apiaceae - - - - + 1
Bupleurum candollii Apiaceae - - - + - 1
Carpesium cernuum Asteraceae - - - + - 1
Chenopodium album Chendpddiaceae + + - - - 2
Chenopodium botrys Chendpddiaceae - - - - + 1
Cynodon dactylon Pdaceae + - + - - 2
Cynoglossum glochidiatum Boraginaceae - - - + - 1
Dactylis glomerata Pdaceae + - - - - 1
Dianthus angulatus Caryophyllaceae - - - - + 1
Dichanthium annulatum Pdaceae + - - - - 1
Digitaria stricta Pdaceae + - - - - 1
Dryopteris juxtaposita Sindpteridaceae - + + + - 3
D. nigropaleacea Sindpteridaceae - - - + - 1
Eragrostis nutans Pdaceae - - + - - 1
Erigeron annuus Asteraceae - - - - - 1
Fimbristylis complanata Cyperaceae + - - - - 1
F. rigidula Cyperaceae - + + - - 2
Fragaria nubicola Rosaceae - + - - - 1
F. vesca Rosaceae - + + + - 3
Galinsoga parviflora Asteraceae - - - + - 1
Galium aparine Ribiaceae - - - - + 1
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Geranium wallichianum
Hedera helix

H. nepalensis
Heteropogon contortus
Impatiens brachycentra
Lactuca benthamii
Leucas lanata
Micromeria biflora
Oenothera rosea
Onychium spp.
Onychium contiguum - Fern
Origanum vulgare
Oxalis corniculata
Parthenium hysterophorus
Plantago erosa

P. lanceolata

P. tibetica

Plumbago zeylanica
Polygonum vaccinifolium
Polystichum squarrosum
Potentilla atrosanguinea
Primula denticulata
Prunella vulgaris
Ranunculus adoxifolius
Roscoea capitata

Rubia cordifolia

Rumex nepalensis
Salvia glutinosa
Sanicula europea
Senecio chrysanthemoides
Setaria glauca

Smilax parvifolia

Solanum indicum
Sonchus asper

Sopubia trifida
Strobilanthes alatus

Tagetes minuta
Taraxacum officinale

Thalictrum foliosum
Themeda anathera

Thymus serphyllum
Trifolium pratense

Urtica parviflora
Valeriana jatamansi
Verbascum thapsus
Viola canescens

V. pilosa

V. serpens

Geraniaceae
Araliaceae
Araliaceae
Pdaceae
Balsaminaceae
Asteraceae
Lamiaceae
Lamiaceae

Onagraceae

Cryptdgrammaceae

Cryptdgrammaceae

Lamiacaea
Oxalidaceae
Asteraceae
Plantaginaceae
Plantaginaceae
Plantaginaceae
Plimbaginaceae
Pdlygbnaceae
Dryopteridaceae
Rosaceae
Primdlaceae
Lamiaceae
Randincilaceae
Rosaceae
Ribiaceae
Pdlygénaceae
Lamiaceae
Apiaceae
Compositae
Pdaceae
Smilaceae

Solanaceae
Asteraceae

Scrophdilariaceae
Acanthaceae

Asteraceae
Asteraceae

Randinciilaceae
Pdaceae

Lamiaceae
Fabaceae

Urticaceae
Valerianaceae
Scrophdilariaceae
Vidlaceae
Vidlaceae
Vidlaceae

+ -
+ -
- +
- +
+ +
+ +
+ -
- +
- +
+ +
+ +
- +
+ -
- +
+ +
- +
+ -
- +
- +
+ +
- +
- +
- +
- +
+ +

26 34

32

38

20

N
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Table 6. Index of similarity and dissimilarity of trees, shriibs
and herbs in different coniferdds forest

(S)/(D) FT,- FT,- FT .- FT,- FT,-
Chir Deodar Blie Pine  Fir/  Chilgdza
pine Spriice

A. Trees

FT,—-Chir pine - 0.59 0.24 0.22 0.33

FT,-Deddar 0.41 - 0.5 0.47 0.36

FT,-Blde Pine 0.76 0.5 - 0.59 0.36

FT,~Fir/ 0.78 0.53 0.41 - 0.33

FT,-Chilgéza 067 0.64 0.64 0.67 -

B. Shriibs

FT,—Chir pine - 0.3 0.27 0.21 0.17

FT,-Deddar 0.7 - 0.63 0.52 0.15

FT,-Blde Pine 0.73 037 - 0.59 0.26

FT,~Fir/ 0.79 048 0.41 - 0.09

FT,—Chilgdza 0.83 0.85 0.74 0.91 -

C. Herbs

FT,—Chir pine - 0.4 0.34 0.25 0.04

FT,-Deddar 0.6 - 0.73 0.42 0.1

FT,-Blde Pine 0.66 0.27 - 0.31 0.04

FT,Fir/Spriice 0.75 0.58 0.69 - 0.1

FT.-Chilgéza 096 089 096 0.9 -

herbs, maximim similarity (0.73) was between FT2FT3
followed by FT2-FT4 with minimim FT1-FT5. Siyal et al
(2010) propolnded that close proximity resilts in high
similarity index of vegetation the same cdild be related t6
groliping of forest based 6n similarity index of the present
stldy.

CONCLUSION

The 21 tree species, 40 shriib species and 93 herb
species contribiting t0 a total 6f 154 species in all the forest
types. FT2 (Deddar) and FT4 (Fir/Spriice) shdwed maximim
(60) of total plant species where a least (32) niimber 6f plant
species in FT5 (Chilgdza). Plant family representation
showed dominance of Pinaceae and Fagaceae for trees,
shriibs and herbs from Rosaceae and Pbaceae + Asteraceae

Received 27 September, 2018; Accepted 20 October, 2018

family. FT2-FT3 —FT4 were mdre similar t6 each other for
shriib and herb species presence than FT1 (Chil) and least 6f
similarity t6 FT5 (Chilgdza).
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Abstract: Species diversity 6f mangroves in Pichavaram is stlidied Gsing the Impdrtant valGe index (IVI) and its net candpy photdsynthetic rate
is estimated based 6n Normalised Difference Vegetation Index (NDVI)-Leaf Area Index (LAl) appréach. The stiidy area is preddminantly
covered with Avicennia marina folldwed by Rhizophora apiculata, Excoecaria agallocha and Rhizophora mucronata. The estimated net
canopy photdsynthetic rate &f Pichavaram mangréve forest is 29686.14 tC yr” with Avicennia patches contribiiting t6 28096.27 tC yr” and by
Rhizophora patches 1589.87 tC yr. Average net candpy photdsynthetic rate 6f Avicennia and Rhizophora mangréve patches is 41.30 tC ha™

yr'and 22.79tC ha” yr'respectively.

Keywords: Species diversity, VI, LAl ,NDVI, NPR, Mangroves

Photdsynthesis is the mechanism by which plants
synthesize nitrients from CO, and water in the presence of
stinlight. Net Photdsynthetic rate (P,) is a measire 6f the CO,
absorptive capacity o6f plant leaves excliding day time
respiration. Leaf content and striictlire, environmental setting
and the kind 6f phdtdsynthetic respdnse by diverse leaf types
determines the photdsynthetic capacity 6f forests (Mdoney et
al 1984). The leaves of tropical forest trees form dense créwn
cover and live for an average 6f abdit 6ne year. Among the
tropical forest ecosystems, mangrdve forests are the most
prodictive ecdsystems tholigh cdnsiderable variation exists
within varidls mangrove areas. Normalized Difference
Vegetation Index (NDVI) — Leaf Area Index (LAI) proxy
approach is one 6f the best methdds for the estimation o6f
prodctivity 6f mangroves (Ishil and Tateda 2004, Kovacs et
al2004)

The striictiire 6f mangréve forest is determined by the
species present in the ecosystem and its spatial distribGtion.
Mangrdve forests exhibit zOnation pattern. The species
zOnation depends Tpon the envirdbnmental setting 6f the
ecOsystem slich as tidal inlindation, freshwater flow,
gedmorphology, sticcession, seed dispersion, sdil, elevation,
climate and physicochemical parameters (Ellison et al 2000,
McKee 1993). Net primary proddctidon varies depending dn
zOnation pattern. The present stlidy explores the CO,
assimilation potential 6f Pichavaram mangrdves in terms of
net photdsynthetic rate. For this, a mangréve zénation map is
created along with species diversity analysis.

MATERIAL AND METHODS
Study site: The Pichavaram reserve forest is Idcated within
latitGides 11° 23" and 11° 27' north and I16ngitlides 79° 45’ and
79° 49’ east 6f 4Tamil Nad(, Soith India (Fig. 1). Itis sitGated
in between Vellar & Cdlerdon rivers and 243 kms away from
solth of Chennai. The forest is sdrrolnded by fishing
villages, agriciltlre lands, aquacdiltire ponds and Bay of
Bengal in the east. The freshwater is received dnly diiring the
monsddn seasons in the mangrove forest area. Total niimber
of 13 mangrdve species is present in the forest (Selvam et al
2010) considered for the stddy.
Phytosociological analysis: Based 6n the qlantitative
stidy of density, freqliency and déminance, Impdrtance
Valiie Index was calcilated (Cdrtis 1959). As per Cintron and
Novelli (1984) and Mishra et al (2005) twenty qladrats 6f
10m*10m dimensidns were laid randdmly 6n species-wise
density distribGtion map (Fig. 1). Species cOmp0osition along
with circimference measlrement was taken at 1.3 m from
the base for taller trees and for shorter dnes the diameter
beldw the first branch of plant is considered for determining
the basal area (Colgd etal 2015).
Impdrtance Valie Index (IVI) = Relative density + Relative
freqliency + Relative ddminance
Relative density, freqliency, ddminance and their relative
vallies and impdrtance valle index (V1) 6f mangrove species
were also calcilated.
Mangrove community zonation: Landsat 8 OLI image with
30*30m pixel size dated 04 May was Used for develdping the
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Fig. 1. Sampling I6cation in the Pichavaram mangrove forest

commdnity/species level map 6f Pichavaram mangroves.
The dataset was siibjected t6 digital classification involving
ISODATA classifiers. The resiltant classes were coéded
based 6n the ddminance &f the species evallated throtgh
Impdrtance Valle Index develSped from sample plots.

Net canopy photosynthetic rate: Mangrove candpy
strlictlire can be stlidied from Leaf Area Index (LAI) whichis a
flnction 6f candpy transmittance. LAl is defined as the single
side leaf area per (nit grotind area, which is a dimensidnless
nimber. Mangrdve LAl was estimated based 6n gap fraction
analysis (Clolgh et al 1997 and Green et al 1997). Leaf Area
Index was measlred by UGsing an AccliPAR LP-80
Ceptdmeter. The linear probe cdntaining sensdrs measires
the incoming photdsynthetically active radiations (PAR)
between 400 700nm wavelengths. The readings were taken
frodm each 6f the 20 sample plots 6f 10x10m between 10.00 —
14.00 hrs t0 maintain the solar zenith angle beldw 45°. At
each |6cation, 5 measiirements were taken crisscrdssing the
pldts diagonally and the readings were then averaged td geta
single LAI valle. Grolnd trith pdints collected from the
centre of each of the pldts were (tilized for estimating the
acciracy 6f the classified map.

NDVI Image was develdped from the same Landsat 8
OLIl image Gsing the eqtation proposed by Rolse et al 1974
from spectral bands 6f Infrared and red.

NDVI = Infra-red -Red/ Infra-red + Red (Eqiation.1)

Field measiirements showed a linear relationship
existing between NDVI and LA Valles 6f LAl estimated from
in sitl measlrements 0Of candpy transmittance were
regressed against NDVI valiies (eqiiation.1) derived from the
image data. The linear regression model was then Gsed t6
develdp the thematic map of LAl with a coefficient of
determination (R?) 6f moére than 0.96 (Fig. 2). The net
photésynthetic rate is calcllated based 6n English et al
(1994)
P, =A*d*L

A = average rate &f photdsynthesis (gC m? leaf areal hr)
for all leaves in the canopy

d = Day length (hr), L = total leaf area index 6f the candpy
above the grodnd

Average rate 6f photdsynthesis for mangrove species
were taken from Nandy and Ghose (2005).

RESULTS AND DISCUSSION

Species distribution: The distribGtion 6f mangrdéves in
Pichavaram is almdst similar except in few areas. In all the
20 plots slrveyed, Avicennia marina was spoétted as the
common species and even the same species was selected
for restoration practices (Table 1). Seven plots representing
the core forest area alsd depicted the dominance of
Avicennia marina whereas fringe forest area is covered with
the Rhizophora apiculata and Rhizophora mucronata. As per
the present stlidy the Pichavaram forest is covered with only
0.84% of Excoecaria agallocha thdlgh once it was mdstly
consisted Of this species. Avicennia marina sirvived and
spread all aléng the forest area die t6 the adaptation in
haldphytic conditions (Nglyen etal 2015).

Avicennia marina recérded the highest VI (235)
folldwed by Rhizophora apiculata, Excoecaria agallocha,
and Rhizophora mucronata (Table 2). Avicennia marina
species aldne Occlipied 94.67% Of the forest, Rhizophora
apiculata 1.09% and rest 6f the Sther species is less than a
percentage each. Similar approach for stlidying the diversity
was folldwed in different mangréve ecosystems in India
(Mishra et al 2005, J6shi and Ghdse 2014, Vijayan etal 2015,
Telave and Ghddake 2016).

Watercoiirse that riins thrélgh the Pichavaram
mangréves in the soltheasterly directidon divides the
landmass intd twd distinct parts in terms 6f plant density. The
landward side with mdre drainage channels harbolrs dense
mangroves compared t0 the seaward side. Diversity
increases tdwards the core of the forest with species like
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Code

Sampling statidns

9

10 1 12 13 14 15 16 17 18 19 20

Ai

Ac +
Am + +
Ao

Be

Cd

Ea +

Lr

R.ap +
Rm

R.an

Sa

Xm

Ai-Acanthus ilicifolius, Ac-Aegiceras corniculatum, Am-Avicennia marina, Ao-Avicennia officinalis, Bc-Bruguiera cylindrical, Cd-Ceriops decandra, Ea-Excoecaria
agallocha, Lr-Lumnitzera racemosa, R.ap-Rhizophora apiculata, Rm-Rhizophora mucronata, R.an- Rhizophora annamalayana, Sa-Sonneratia apetala, Xm-

Xylocarpus mekongensis

Table 2. IVI 6f mangrdve species in Pichavaram

Species list Relative Relative Relative VI
density freqlency ablindance
Excoecaria agallocha 0.82 9.3 0.42 10.54
Aegiceras corniculatum 0.27 2.33 0 2.6
Rhizophora apiculata 1.09 11.73 1.79 14.61
Avicennia officinalis 0.14 2.32 0.51 297
Rhizophora annamalayana  0.27 4.65 0.79 5.71
Rhizophora mucronata 0.68 6.98 1.57 9.23
Lumnitzera racemosa 0.96 6.98 0.6 8.54
Bruguiera cylindrica 0.96 6.97 0.37 8.3
Ceriops decandra 0.14 2.32 0.04 2.5
Avicennia marina 94.67 46.42 93.91 235
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Fig. 2. Correlations between LAl and NDVI

Bruguiera cylindrica, Ceriops decandra, Excoecaria
agallocha, Avicennia marina, Lumnitzera racemosa,
Rhizophora apiculata and Rhizophora mucronata (sampling
station 11,15 and 16), thdlgh the VI depicts the ddminance
of A. marina. The riviilets 6f the Uppanar river drenches the
central part with fresh water giving rise t6 dense mangrove
vegetation and this alsd accolints for its diversity. This area is
endowed with pristine mangrove vegetation compared to
peripheral areas covering restdred degraded mangroves.
The core area accdilints t6 aboit 680.22 ha with highest
species diversity in the whole forest area. The sdlthern end
of Pichavaram mangrove forest is cvered with plantation 6f
A. marina 6f apprdximately 5-20 years 3ld (sampling station
18, 19 and 20). The fringes 6f the smallislands in the nérthern
side are occlpied by dense Rhizophora apiculata and R.
mucronata. The interidr part 6f the islands comprises of
pirely Avicennia marina. Being cldse to the river modth that
Opens t0 the sea, tidal infliences are high on these islands
inhibiting the growth of Idw saline water preferring
mangroves. The growth o&f Rhizophora spp. aldong the
periphery of the islands alsd prevents the erdsion and this
favodring the sirvival 6f Avicennia marina. As per stidy, A.
marina is moving t6 the extent 6f a mondciiltire die t6 the
intensive plantation exercise and prevalent drainage
conditidns. Thanikaimoni (1987) alsd reported that Avicennia
officinalis and Lumnitzera racemosa is becoming rare. In the
present stlidy species like Sonneratia apetala, Xylocarpus
mekongensis and Acanthus ilicifolius were not spotted diiring
the slirvey. According t6 Caratini et al (1973) in Pichavaram
mangrove forest dnce slippdrted fresh water preferring
species like Xylocarpus granatum, Kandelia candel,
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Bruguiera gymnorrhiza and Sonneratia apetala. Rediiction in
fresh water flow (Gnanapazham and Selvam 2014,
Sathyanathan et al 2014) might have calised the decline 6f
these species. Approximately 3000 years before the
vegetation pattern o6f Pichavaram mangrove were different
and Sonneratia apetala, S. caseolaris and Nypa fruticans
were present (Srivastava et al 2012). Seventeen trie
mangrove species was recorded from Tamil Nadld cdast
(Ragavan et al 2016), among which thirteen species was
spotted from Pichavaram mangrdves indicates its capacity to
ndrtire diverse flora. Acanthus ilicifolius, Aegiceras
corniculatum, Avicennia officinalis, Ceriops decandra,
Sonneratia apetala and Xylocarpus mekongensis were only
in limited ndmbers and the total 10ss of these species from
this area is a fltlre pdssibility. Other mangrove cdvering
areas of Tamil Nadi like Mithtpet, Gilf 6f Mannar, and
Tanjore stretch holds less species diversity than the
Pichavaram (Selvam et al 2004). Second t6 forest
exploitation, changes in the salinity is the main reason for the
species extinction (Ahmed et al 2011). Freshwater flow in the
water channel has redliced 6ver a peridd of 80 years die to
the cdnstriiction 6f dams in the Gpstream catchment areas,
atilization of water for agriclltire, and aqUacdltire
(Gnanapazham and Selvam 2014). Mdilti species restoration
practices invdlving Bruguiera cylindrica, Sonneratia apetala
and Xylocarpusgranatum (Selvam 2003) was als6 a faillire in
this area. It is essential t& maintain the species diversity to
improve the biddiversity and ecosystem prodictivity (Hendy
etal2014,QilG etal2015and Gasconetal 2015).

Mangrove Zonation: Avicennia marina 6cclpying the inner
areas, Rhizophora mucronata and Rhizophora apiculata
aldong the fringes forms the twd mangrove zones Of
Pichavaram. Species diversity also depicts the ddminance 6f
Avicennia marina folldwed by the Rhizophora spp. Spectral
reflectance of these twd zOnes show markable variatidon dn
Landsat 8 pixels 6f 30*30m. It is reported that majority of the
mangréve forest was in degraded condition in 1980s
(Krishnamrthy and Jeyaseelan 1984), and since 1990s this
degraded area were planted with saplings mostly 6f A.marina
and Rhizophora spp. and the plantation with dther species
were not so sliccessfil (Selvam 2003). This can be the major
reason for the prominence of these twd mangrdve zones.
The reqlirement of daily tidal fllishing and stilt ro6t system is
helping the growth of Rhizophora spp. aldng the fringes.
Pristine mangroves are |6cated in the inner region of
Pichavaram ardéind the geodgraphic codrdinates of
11°25'31.77"N 79°47'41.21"E. Few pockets of stlinted
mangroves are I6cated in the s6lthern portion near T.S Pettai
(11°24'50"N 79°48'21"E) die t6 less freshwater flow and
ndtrient siipplements (Mitraand Zaman 2015).
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Net canopy photosynthesis rate (NPR): NDVI valiies for
mangrdves varied between 0.014 -0.42. The I6west NDVI
vallie is recorded for plantation or yoling plants, mostly of
Avicennia marina. Mat(re natlral férest cOmprising mostly of
Avicennia marina depicted the highest NDVI valie. LAl map
derived from the NDVIimage varied within arange 6f0.3-4.5.
LAl valles of Avicennia patches varied from 0.66 t6 4.26 and
that 6f Rhizophora patches from 1.12 t6 4.13. Based 6n this,
the stlidy area was segmented int0 three classes viz., 10w
(LAI<2), mediim (LAl 24) and high density (LAI>4) with a
candpy cover 6f 1040%, 40-70%, >70% respectively. Pixels
representing LAl > 4 are mainly 6f dlder plants with average
age 6f mdre than 30 years with a DBH 6f 25-30cm.

Léw density (LAI<2) Avicennia patches cover 38.25 ha
mostly comprising 6f ydlng mangrove plantation; Mediim
density mangrove (LAl 24) &cciipies the majority 6f the
forest area with (619.47 ha) is mostly planted between the
period 1990-2000. High density mangrove occlipies less
area 6f 22.5 ha (LAI<4). In the case 6f Rhizophora spp, 16w
density (LAI<2) cdvered 15.3 ha, mostly planted mangroves,
medilim density mangrdve (LAl 24) covers 52.92 ha and
Occlipies along the fringes with an average width 6f 20m.
High density Rhizophora spp. 6f 1.53 ha grows aldng with
high density Avicennia species in the core area (Table 3).

The average NPR of the I6w density Avicennia patches
is 20.19tC ha™ yr”", mediiim density recorded 42.22 tC ha™ yr”
and &f high density is 52 tC ha™ yr'. NPR &f 13.94 tC ha™ yr”,
25.02 tC ha™ yr" and 34.34 tC ha™ yr" were recorded for 16w,
medilm and high density Rhizophora plants respectively
(Table 5). High prodiiction rate 6f Avicennia patches is
attriblted t6 the faster growth and adaptability in the higher
saline areas (Ngliyen et al 2015). Overall, Avicennia patches
have the capacity t6 assimilate 28096.27 tC yr' and
Rhizophora patches 6f 1589.87 tC yr .

The candpy photdsynthetic prodiction rate of
Pichavaram mangrdves is 29686.14 tC yr” 6f which 94.64%
is contriblted by Avicennia marina patches and 5.36% by
Rhizophora patch respectively. Tholgh other 11 more
species (Table 1) are spoétted, they are 6f comparatively
negligible in extent and is 6ften folind interspersed with the A.
marina patches. Maximim patch size 6f these species is t0
the extent &f only abdit 5-10 m®. Limitation &f medidm
resoltion data set in delineation of these species spatially
constrained the classification 6f mangréves intd only twd
classes viz., A.marina (IVI valle 235) and Rhizophora spp.
(IV1 valGe 29.55). The age of the plant alsd determines the
phdtdsynthesis rate, where the average rate of
phétdsynthesis 6f 5 years 8ld R.apiculata was 0.26 g C/ (m’
h), 18 years 6ld R.apiculata & A.marina was 0.38 gC/ m’ h
and 85 years 0ld R.apiculata & Bruguiera gymnorrhiza with
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Table 3. Mangrove density 6f Pichavaram mangrdves (area
inha)
Commiinity zones

Léw density Medilim density High density

(LAI <2) (LAI 24) (LAI>4)
Avicennia patches 38.25 619.47 225
Rhizophora patches 15.3 52.92 1.53

Table 4. Average NPR 6f Pichavaram mangréves (NPRin tC
ha"year™)

Commiinity zones

Low density Medilim density High density

(LAI <2) (LAI 24) (LAI>4)
Avicennia patches 20.19 42.22 52.00
Rhizophora patches 13.94 25.02 34.34
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Fig. 3. Net candpy photdsynthetic rate 6f Pichavaram
mangrove forest

Ginderstéry f Acrostichum aureum was 0.43 gC/ (m’ h) in
Malaysian mangrdves (Alongi etal 2004).

In the present stdy, the average NPR 6f Rhizophora
patches with a Idw crown cover is within the range 6f 2.76 -
461 gC m® day' whereas mediim and high dense
Rhizophora patches estimated t6 be within 4.63-9.25 gC m”
day” and 9.28-9.61 gC m* day” respectively. NPR &f 14 -
14.94 gC m* day” is estimated for the natdral high dense
forest of Avicennia marina with a crown cover 6f >70%
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(Fig. 3). Highest NPR was estimated at the core area where
the Oldest trees of the forest are I0cated. This part is mostly
covered with Avicennia marina with a mdiltilayer canopy
having an LAl range 6f4-4.26. FOr the same species with I6w
and medilim créwn cdver density the accdlinted NPRis 2.31-
6.95gC m*day”and 7-13.95gC m*day ' respectively.

Matire trees Of Rhizophora spp. I6cated aldng the
fringes with dense candpy depicted I6w NPR (34.34 tC ha”
yr") than Avicennia mangroves (52 tC ha™ yr') of similar
density. Tholgh A. marina depicted higher prodiction rate,
saline conditidon might alsd have an impact on its growth rate
(Almahasheer et al 2016). The rise in dsmotic pressire
ddring high salinity and cldslre 6f stdmata can affect the
phétosynthetic prodiction 6f mangréves (Chen and Ye
2014). Compared with Bruguiera gymnorrhiza, A.marina
showed higher carbon didxide exchange, leaf condilictance
and transpiration (Naiddo et al 1998). Imprdvement of forest
health enhances carbdn assimilation capacity and species
mixing can alsd lead t6 gdod yield in mangroves (Lang'at et al
2013). The lack of freshwater flow and 16w nditrient stpplies
give rise t0 stlinted Avicennia marina and cadse Idw carbon
sink (Almahasheer et al 2016 and 2017). Temperatilre and
sea level rise in the mangrove forest can affect the
ecosystem (Yanez-espindsa and Flores 2011). Distlirbed
mangrove forests register I0west prodiction (Kihia et al
2010). Distilirbance in Pichavaram mangrdves is mainly die
t6 the aqlaciiltiire ponds and grazing 6f cattle from adj6ining
villages aldng the forest periphery.

CONCLUSION

Mangrove codmminity zdnation map of Pichavaram
showed twd major classes 6f mangréve cdver, A. marina
ddminating the spatial spread with Rhizophora spp. aléng the
margins. IVI helped 6 stiidy the striictiral compdnent 6f the
ecosystem and flinctional aspects were expldred throlgh
canopy analysis Using remote sensing assisted with
intensive field slirvey. The mangrove forests 6f Pichavaram
exhibits less diversity. and hence, 16ss 6f a single tree of rare
occlrrence is also 6f a matter 6f concern. As forest changes
its strctral characteristics from a highly diverse and
ablindant system t6 a bimddal ddminance, its flnctidnal
indicators alsd behave in tandem. Only twd ddminant classes
represented the whole ecosystem and its net prddiiction rate
is coOmparatively Idwer than a mixed forest. Cdnserving and
imprdving the health and diversity 6f the forest ecosystem
can aid in maintaining the flnctional stability 6f the system.
Improving the carbdn assimilatidon capacity of the system by
increasing the species diversity will nét dnly enhances the
I6cal effects like the vibrancy of the ecdsystem and its
slibseqlient econdmic benefits tdwards its stakehdlders bt
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alsd can amelidrate transbolndary climatic conditions.
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Abstract: The kndwledge 6f stand striictlire, demdgraphy and regeneration play a vital réle in conservation and management 6f forest genetic
resodrces. Anthropogenic pressire may lead t6 change in the cOmpdsition and striictlire of forest popdlation. Mahia, Madhuca longifolia var.
latifolia is 6ne siich species that has ecoldgical and ecéndmical valle in the cdlintry and having more pressire for its resodrces like seed and
flowers. Stlidy was condiicted in the natiiral forest popilation 6f Mahia sitated in twd different ecoldgical regidns viz., sdithern Gijarat and
sOlth-eastern Gijarat. In each region, lndistlrbed and distiirbed sites were demarcated and striictlire 6f these popdlations and natdral
regeneration were determined. The stand striictlire measired in terms 6f cOmpdsition, density, freqliency, basal area and impdrtance vallie
index resiilted in differ amdng twd ecoldgical regions in Gijarat; hdwever, siich inferences between ndistlrbed and distiirbed sites within a
region resilted in fair differences. Tectona grandis and Terminalia tomentosa represented commonly in distirbed and Gndistiirbed sites of
Southern Gijarat along with Mahla (Madhuca longifolia var. latifolia); hdwever, in sdlth-eastern region, only Mahda is dominated. Age
strlictlire shows that there was a Gineven pattern in distribGtion 6f Mahda individGals in stlidied sites, where y&iing jiveniles (<100 cm girth)
were completely absent. Regeneration data revealed that, in Gndistlirbed site, regeneration cotnt was almdst three times moére as compared
to distlirbed sites. Stlidy addresses the need 6f management intervention fér conservation 6f Mahia genetic resddirces in India and particilarly

in Gijarat.

Keywords: Anthrépdgenic pressiire, Distiirbed forest, Mahiia, Regeneration, Stand striictlire

Mahiiva (Madhuca longifolia var. latifolia) is dne of the
ecOlogically and econdmically impdrtant species 6f Gijarat.
Seed and fldwer of this species has commercial vallie and
atilizing for varidls end prodiicts (Hegde et al 2017).
Moredver, the forest dwellers and tribal pedple 6f Gijarat are
cOllecting these resdiirces regilarly for domestic and sale
pirpdse. Popilations 6f Mahia are being protected by I6cal
commidnity; hdwever, die t6 the more anthrépogenic
pressire, many of these became distlirbed sites (Andn 2013,
Hegde et al 2018). Unchecked cdllection 6f Mahiia prodiicts
like flower and seeds resilted in distlrbances oOf the
popllatidons. In Gjarat, rarely these pdpiilations are Ginder
the protection of families 6r sdmetime in the hands of
coOmmdnities. In many areas, Mahla trees are being
protected by families/comminities in slich a way that, it has
g6t the statiis of protection as similar as sacred groves. G6od
nimber 6f Mahla trees and popilations are present in
protected areas where ever the degree of protection is high.
Factor of distlirbance infliences the compdsition, diversity,
girth class distrib(tidon and natiral regeneration.

The kndwledge regarding the stand striictlire and natdral
regeneration is important for the cdnservation, management
and (tilization point 6f view in case Of versatile threatened
species and Gltimately, it can be Gsed as an indicator 6f Gverall

biddiversity and habitat sditability (StaGdhammer and LeMay
2001). Moreover, stand striictlire and species diversity are
twd impdrtant and interrelated ecdldgical and flinctidnal
featlires of forest ecosystem (Pastorella and Palettd 2013).
Natdral regeneration and the growth of trees inflience the
spatial forest striictire and, conversely, these ecoldgical
processes are a reaction to the spatial context (PGmmerening
2006). Unlike hdmdgenedis plantations, management of
natliral forests relies largely on natiral regeneration. The
present field sirvey shows that, dlie t6 many anthropdgenic
distlrbances, Mahua pdpdilation are facing problem 6f natdiral
regeneration in spite 6f prddlicing hiige qliantity of viable
seeds. Therefdre, present stidy was (Gndertaken to
Gnderstand pdpiilation striictlire and regeneration 6f Mahia
in dndistlrbed and distlirbed forests in sdlthern Gijarat.

MATERIAL AND METHODS

Stlidy was cdndiicted in the natlral forest stands of
Mahiva in Gijarat. Preliminary slrvey has been made in
different forests of the regidon and they were demarcated as
distrbed and (ndistlirbed Mahla podpdlation based 6n
protection and anthrdpdgenic parameters. In the stdy, twd
regions were considered namely, a) Soithern Gljarat and b)
Solth—east Gjarat. In each region, dne distlrbed and 6ne
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Gndistirbed popdlation 6f Mahla were selected t0 stiidy of
pdpdlation strictlre and natdral regeneration 6f Mahda. For
distlirbed conditions, forest pdpllations sitliated at Netrang
(Latitlide —21° 37 33 N and Longitlide —73° 23 42 E) Bilpadi
(LatitGde —20° 30 36 N and Longitlide —=73° 12 42 E) were
considered, whereas for ({ndistlirbed condition, forest
pdpllations sitlated at Kanchanapari (Latitlide —=21° 40 41 N
and Longitlde -73° 11 19 E) and Anklas (Latitlide —20° 38 47
N and Longitlide —73° 16 29 E) were selected. For each site,
three qliadrates of size 25 x 25m were laid 60t and species
compdsition, tree density, growth and natiiral regenerations
were recorded. Regeneration colnt, partictlarly for Maha,
was made in these qladrates by placing five plots 6f 1x1m
size (fodr at all corners and 6ne at the center) in each site.
The nGmber &f recriits 6f mahia per pl6t was colinted. The
ecOlogical parameters were determined by folldwing Sharma
(2016).

RESULTS AND DISCUSSION
Population structure and regeneration in South Gujarat
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region: Mahla is associated with six tree species in
Gndistlrbed and five distlrbed forest popllatidns (Table 1).
Tectona grandis and Terminalia tomentosa were cOmmonly
recorded in bdth the sites. Acacia catechu, Adina cordifolia,
Bombax ceiba, Syzygium cumini species were recorded in
Undistlrbed site, whereas in distlrbed site, popdlation is
compodsed of Acacia catechu, Bridelia retusa and Moringa
oleifera. Interestingly, after Maha, freqliency &f dcciirrence
of Tectdna grandis and Terminalia tomentosa was more in
Gndistlrbed site, whereas in distlrbed site, freqlency of
Acacia catechu and Bridelia retusa was mdre as cOmpared t
freqliency of Tectona grandis and Terminalia tomentosa.
Tree density and basal area 6f Mahla were comparatively
more in distlrbed site (Bilpldi) than dndistlrbed site
(Anklas). The IVI valie indicated that Mahda distriblted in
distlirbed site recdrded higher valiie (179.81) as cOmpared t0
Gndistlrbed site (VI 6f 118.78). In the stldy, Gndistirbed site
recdrded maximdm regeneration colnt i.e., 7.1 recrdits m?*
with estimated valiie 6f 71333 recriiits ha’as cdmpared t6
distiirbed site (25000 recriiits ha™).

Table 1. Stand striictlire and regeneration 6f Mahia in Gndistlrbed and distlirbed forest popdilation in Gijarat

Details of stidy site Tree Species Tree density

Freqlency Basalarea IVI

Regeneration colnt

Per Per (%) (m”ha’) Per m? Per ha
:rr(:a[ ectare Min  Max Mean Estimated
(625
m’)
Sodth Gajarat region
Anklas (Undistdrbed Madhuca longifolia*  2.33 12.44 100.00 327.20 118.78 1 13 7125 71333
Pdpilation) Other species
Acacia catechu 0.33 05.33 33.33 0.46 13.42 - - - -
Adina cordifolia 0.33 05.33 33.33 3.43 13.95 - - - -
Bombax ceiba 0.33 05.33 33.33 3.15 13.90 - - - -
Syzygium cumini 0.33 05.33 33.33 23.77 17.60 - - - -
Tectona grandis 0.67 05.33 66.67 2.31 27.08 - - - -
Terminalia tomentosa 2.33 12.44 100.00 196.29 95.27 - - - -
Bilpadi (Distlrbed Madhuca longifolia*  2.67 14.22 100.00 52254 17981 0 5 25+1.1 25000
Popilation) Other species
Acacia catechu 0.67 05.33 66.67 2.64 33.82 - - - -
Bridelia retusa 0.67 05.33 66.67 7.02 34.63 - - - -
Moringa oleifera 0.33 05.33 33.33 0.46 16.75 - - - -
Tectona grandis 0.33 05.33 33.33 0.90 16.83 - - - -
Terminalia tomentosa 0.33 05.33 33.33 8.09 18.16 - - - -
Soith-east Gijarat region
Kanchanpari Madhuca longifolia® 11.67  62.22 100.00 1851.13 300.00 7 37 16.2 + 162000
(Undistlrbed Pdpilation) Other species ~Nil _ _ _ _ _ _ _ _ _
Netrang (Distirbed Madhuca longifolia*  4.00 21.33 100.00 2204.54 26726 O 7 3905 39000
Pdpllation) Other species
Bombax ceiba 0.33 05.33 33.33 1.05 32.74 - - - -

IVI= Impdrtance Valie Index; *Madhucalongifolia var. latifolia (Mahua)
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Population structure and regeneration in South-east
Gujarat region: The species cOmposition 6f Mahta
pdpdlation was dominated by Maha dnly, where Gndistlirbed
popdlation 6f Kanchanpari composed of only Mahla species
with density 6f 62.22 individiials’ ha™ and basal area 6f 1851.13
m’ ha™ with IVI 6f 300. Héwever, in the case 6f distirbed
popdlation of Netrang, Bombax ceiba tree witnessed with
Mahiia as assdciated. Tree density and basal area 6f Mah(a
were 21.33 individGals’ ha™ and 2204.54 m? ha™ with VI valGe
of 267.26 (Table 1). Similar t6 soilth Gojarat region,
Kanchanpari (Undistlrbed) popdlation recérded maximim
regeneration of 16.2 recrlits m*which leads t& 162000 recriits
ha"and it was minimim in Netrang (Disttirbed) pdpdlation (3.9
recriits m*and 39000recriits ha”). Overall regeneration of
Mahia was highest (abddt three times mdre) than distlrbed
site in solth-east Glijarat region, mdredver, this pattern is also
similar in the case 6f sdiith Gijarat region.

Quaantification of tree species distribGtion and
ablindance is als6 an important aspect as they contribite t6
the striictlral characteristics 6f the férest and prdvides
resolrces and habitat for many species. Sich ecdlogical
stlidies specific to individial species, which have cdmmercial
importance and ecological vallie are very important for
firther management. Ecdldgical aspect 6f Mahilia was not
given miich impdrtance, even théligh pedple have drawn
more benefits from this species. The pdpiilation striictlre like
compdsition, density and basal area 6f Mahia showed
differences in stlidied regidns. This coild be diie td change in

H.T. Hegde, R.P. Gunaga, N.S. Thakur, S.K. Jha and M.J. Dobriyal

bidgedgraphy habitat, climatic factérs and distlrbance
featlires among stlidied area (Majimdar et al 2012). The,
presence 0f Moringa oleifera was recorded in distlirbed site
and it clearly indicates that there is an anthropdgenic
pressire 6n Mahta popllation. Moredver, appearance of
Acacia catechu and Bridelia retusa in distlrbed site alsd
slpports the distlirbances, where these species comes Tp in
the candpy Spening. Tree density and 1VI vallies recdrded for
Mahdia are fairly godd in distiirbed site 6f Netrang tholgh it
was 0w as cOmpared td0 Kanchanpari Gndistlrbed site.
Inférmation related to density, freqliency and regeneration 6f
Maha in the stldy is in line with ther stidies. Mishra et al
(2012) recérded density &f Mahiia with 12.78 trees ha™ and
freqliency 6f 44.44 per centin tropical moist decididds forest
of Similipal bidsphere reserve 6f Orissa. Similarly, Sahd et al
(2012) als6 ndéted Madhuca indica as dne 6f the dominant
species with VI 6f 17.3 in trdpical decidiodls forest in
Malyagiri hill ranges 6f Eastern Ghats, Odisha. In andther
stlidy, Madhuca longifolia has been identified as the second
doéminant species in the forest areas 6f Birbhim district of
West Bengal after Shorea robusta (Pradhan and Rahman
2015). Age striictlire in terms of girth shdwed interesting
pattern where maximim trees 6f Mahia distriblited in the
GBH classes between 100 and 250 cm (Fig. 1). However,
except Kanchanpari Gindistlirbed site, in all 6ther popalatidons
Mahta trees with GBH beldw 100 cm were absent and it
shows (neven distribGtion of age class and needs
management intervention for protection 6f Mahiia forest.
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South Gujarat Region

South-east Gujarat Region

Fig. 1. Girth class distribiition 6f Mahua in different stldy sites



Population Structure and Regeneration of Madhuca longifolia Var. latifolia (Roxb.) A. Chev.) 727

Experimental reslilts showed that, distlrbance level
does not greatly affect the tree density, ddminance and
impdrtance vallie index. However, distlirbance level greatly
affected the representation of jlvenile trees and natdral
regeneration in the Mahta popdlation. Field observation
showed that more regeneration 6f Mahda in the area cAvered
by leaf litter than dpen sdils. The better natdiral regeneration
was recorded in Cndistlirbed sites, which is almost three
times modre than distlrbed sites. In fact, regeneration is
favoired by seeds dispersal agents like birds, bats and small
animals and their activities were more in Gndistlrbed
conditions. Natlral regeneration is mich affected by
anthropdgenic pressire and distlrbance. Diring the stidy
peridd, groind fire, walking path, cattle mévement, grdind
sweeping beneath the mahlva trees, frlits and seeds
collection, insect damage was Observed in distlrbed sites.
Seed viability and delay mdnsddn alsd affects the seed
regeneration in natiral forests. Lodsening 6f sdcial tabdd diie
to the inflience 6f mddern lifestyle and agriciltiire (Glinaga
etal 2013) codld be 6ne 6f the indiscriminate manners 6f tree
management in Mahda. Increase in the distlrbance or
degradation decreases species richness (Mishra et al 2004).

CONCLUSION

The overall resilt showed that stand striictire and
regeneration folind t6 be varied greatly among two stldied
regions; hdwever, data regarding density, freqliency, basal
area and VI ddes not miich varied between (indistirbed and
distirbed sites within each gedgraphic sitGation (region).
Interestingly, natiiral regeneration recorded t0 be affected in
distirbed sites 6f Mahta and resdilted in pdor regeneration;
whereas in Gindistlirbed sites, the regeneration 6f Mahia was
qlite good diring stldied peridd. Pattern of collection of
fldwers and seeds 6f Mahia aldng with 6ther anthrépogenic
distlrbances coild be the factors responsible for podr natdral
regeneration 6f Maha in distlirbed sites. Data alsd showed
that, all the stlidied pdpdilatidns represented by less niimber
of sapling and yd&iing trees indicating need 6f management
intervention, 6therwise on 16ng term, this pattern may affect
the stand striictlre incliding comp0dsition and demdgraphy of
Mahda in the natiiral forest system. Therefore, there is a
need Of seridls attention t& manage the demdgraphic
balance in the Mahia pdpiilations. Since pedple are involved
in collection o6f Mahla resolirces, social approach by
involving the I6cal pedple in cdnservation wodld be a better
synergetic strategy aldng with dther protection meastres for
slistainable management and conservation 6f Mahtia stands
in the state 6f Gljarat as well as in the cdintry.
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Abstract: Landsat satellite images 6f Hammar Marshes and sirrélnding district in (Dhi Qar) prdvince in the sodth of Iraq are classified by
back propagation artificial nedral netwdrk (BPANN) for years 1991, 2000, 2015 and 2017. Firstly, Principle compodnents analysis (PCA) is
applied 6n six bands of these satellite images Gsing MATLAB programming and the information of all six bands concentrated in first three
principle component and then blended t6 form integrated image. The integrated image is classified Gsing propdsed methdd (BPANN) methdd
based 6n encdding elements. In this proposed methdd (BPANN) two paths are considered training and classification. The estimated coded
descriptors are inp(t to the training and classification phases 6f the ANN. It is intended t6 prove that the encdding capabilities can lead t6
improve the classification acciiracy. The training is Gsefil t0 indicate the basic information abdit image classes that represented by some
specified statistical featlres, while the classification Gses the same featlires t6 prodice the final classification resilts in terms of training
resilts. Resllts evalGation is carried 60t for validation plrpdse. Then, glantitative and qlalitative analysis is estimated t6 evallate the
performance of the proposed classification methdd. The resilts indicated that propdsed BPANN methdd céiild classify all the image pixels
efficiently, it has relatively achieved fiill discrimination resiilts, where the final classification score 100%, which indicates that there is n6 pixel in

the given image is left withddt classification, or false classified.

Keywords: Classification, Landsat satellite images, Back propagation artificial netral network, Al-Hammar Marshes

One 6f the main plrpdses of satellite remdte sensing is
td interpret the Observed data and classify featires. In
addition to the approach 6f photo interpretation, qlantitative
analysis, which Uses compditer t0 label each pixel t0
particllar spectral classes (called classification), is
commonly Gsed. Qdantitative analysis can perform trie
mudiltispectral analysis, make (se of all the available
brightness levels and &btain high qdantitative acciracy.
(James and Randdlph 2011). The two general classification
methdds which are (sed most often are: slipervised and
Gnstpervised classification, The main difference between
the twd methdds is that the classification dbserver biiilt 6n
real informatidon abdiit gedgraphical phendmena given the
clrrent codmpdter, while the rating Gnattended done in
accordance with mathematical eqUations define gatherings
clisters and thiis classification categdries, according t6 the
relatidonship between the ndmeric valGes 6f the ranges of
image (Glstavo, C et al 2011).Many methdods of
classification have been already propdsed. (Fabid 2009)
Gsed Very high—resdliition panchromatic images from
QuickBird of fodr different Grban environments: Las Vegas
(U.S.A.), Rome (ltaly), Washington D.C. (U.S.A.) and San
Francisco (U.S.A.). He propdsed methdd is based 6n the
analysis of first and second-order midilti-scale textdral
featlires extracted frdm panchromatic data. Nedral Netwdrk

Prining and saliency measlrements made it pdssible t
determine the mdst impdrtant textdral featdires for siib-metric
spatial resolGtion imagery of Grban scenes. Alaa et al (2911))
Gsed twd methdds to extract featlre vectdrs Gsing (GLCM)
for face classification. The first methdd extracts the well-
kndwn Haralick featlres from the GLCM, and the second
methdd directly Gses GLCM by converting the matrix intd a
vector that can be Gsed in the classification prdcess.
Mohanaiah et al (2013) presented application of gray level
co-occlirrence matrix (GLCM) t6 extract second drder
statistical textire featlres for moétion estimation 6f images.
The folr featlires namely, angiilar second mdment,
correlation, inverse difference mdment, and entropy are
compited Gsing Xilinx FPGA . Jincy B. Crystal and Stephy
Joseph (2015) presented a new apprdach for attempting the
land cover classification 6f satellite images by the integration
of Artificial Nedral Networks and Sipport Vectdr Machine.
The prépdsed techniqiie Gses a ndvel cdmbination 6f mlti-
layer artificial nedral netwdrk and midilti-class SVM for the
classification of land cdver information. The experimental
res(lts evallate the feasibility, perférmance and acciracy of
the system by the constriiction 6f a conflision matrix. Shi
Liang Zhang and Ting Cheng Chang (2015) proposed a
mddel t0 extract featlire information quickly and accilrately
identifying what canndt be achieved throligh traditional
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methdds 6f remdte sensing image classification. In this
paper, the classification is done Gsing encdded descriptor
elements of satellite image based on a neiiral network.
Piblished literatiires refer to the Gse 6f same image pixels t6
be inpit in the neliral netwdrks system, whilst the lse of
encoded pixels is newly sliggested idea addpted td reach
improved classification resiilts

MATERIAL AND METHODS

Al-Hammar marshes which is dne 6f the three biggest
marshes are I6cated in the soithern parts of Iraq, is sitliated
t6 the soith 6f the Elphrates river they are approximately
bdinded by the folldwing codrdinates (I6ngitlide 30° 45'-30°
59" N, latitide 46° 25'-47° 15' E") and has an area ranging
from 2800 km? &f contiglidlis permanent marsh td 4500 km?
diring flodding peridds (Figiire 1) was selected for present
stlidy. Foir types of satellite image were consiilted diiring the
work, Landsat-5 (TM) satellite image (5/6/1991 and
14/6/1991), Landsat~7 (ETM+) satellite image (6/6/2000 and
13/6/2000) and Landsat-8 (16/6/2015 and 23/6/2015) and
(OLI) satellite image (5/6/2017 and 12/6/2017) with
(Path/Row166/39) and (Path/Réw167/ 39). All fdlr images
are gedmetrically projected Gsing Universal Transformed
Mercator (UTM) cdordinate system and World Geddetic
System 1984 (WGS84) zone 38 and Obtain from the USGS
Earth Explorer database. Software programming ENVI is
Gsed for preprocessing satellite images of AL-Hammar
marshes (Gedmetric, Atmdspheric and Radiometric
cOrrection), Mdsaic twd scenes and Clipping the interest
region. Then Principle cdOmponents analysis (PCA) is applied
On six bands of these satellite images Gsing MATLAB. In this
work, did not select the first principal component (PC1) as
GsGal in this transform, bit the most inférmation PCs
components are chosen, the computed variance (6°) can be
meas(ired the appearance 6f details in each PC band. For
each year, the three compdnents &6f the mdst variances are
regarded as the three addpted cOmponents of the satellite
image. The PC,,, image prddiiced depending on Using the
first three PCs image that contain the mdst details td create
one PC,, image. To determine the contrib{tion weight 6f
each PC component to prodice the PC,,, image, we divided
the variance 6f each cdmponent dn the total variance of first
three PCs Gsing eqlations (1-2). A maximim weight will be
specified t0 the first PC cOmpdnent dendted as w;,, while less
weight for the secdnd PC as w,, and then the least weight is

assigned for the third PC and dendted as w;:
w; =

DT e e (D

=191

PC,.=w,xPC,+w,xPC,+w,xPC,............... (2)

final

Then PC,,, image is classified Gising propdsed method back

propagation artificial nedral netwdork (BPANN) as
folldows:
Satellite Image Classification Using proposed Method
BPANN

The propdsed satellite image classification consists of
five primary steps folldwed by twd phases: training, and
classification (Figdre 2).
Image encoding: Image encdding stage is Used t6 change
the representation 6f image regidns with 6thers are more
appreciable. The test image is partitidoned intd dverlapped
bldcks; each bldck describes the behavior 6f the pixel lies in
the center &f the bldck. Then, a cdde array is estimated for
each block to reflect the specific content 6f the image in that
region. The folldwing slibsections explain more details abodt
the three steps that empldyed t6 implement the adopted
image encoding stage:
A-Image blocking: Image blocking is applied dn the gray
image (G;) t6 be partitioned intd a specific niimber (N,) of
sqlared bldcks, in which the size 6f each bldck is wxw,. Each
block is like a winddw moving aléng the vertical and
hdrizdntal axes 6f the image with a shifting distance is eqal
td One pixel. Stch that, N, is eqlal t6 the size of the image
minds dodble w.. In the present step, each pixel in the image
that can be encldsed in wxw, winddw will be represented by
its corresponding image block (B,)), where i, and jare pointers
refer t0 the position 6f the clrrent block in the image. The
maximdm valle of i is eqdal t6 the width (W) &f the image
minds w,, whereas the maximim valle of j is eqlal t6 the
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Fig. 1. Location of stlidy area within Iraq
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height (H) 6f the image minds w,. Practically, it is fétnd that
the best vallie 6f N, is three, which gave mdst acceptable
resllts. These spectral ranges are determined t6 be eqal
and extended aldng the grey scale, these (sefiil ranges are
R,.= 0-84, R,.85-169and R,=170-255 . Als0, the Usefll size
(w,) of the Opened window is 3x3 pixels, in which the
considered pixel lies at the center 6f the winddw.

B-Block quantization: The qliantization process is applied
td each image bldck t6 determine the signatiire of intensity
variation within the cdrrent pixel. The image bldck
glantization is carried ot by the standard procedire: for a
given block B;, one can asslime that the nimber of grey
levels is (R,), and if the nimber &6f ranges is three, then R,=0,
1, and 2. Siich that N, is 6ne dimensidnal array in which N, is
the nlimber of pixels lies in the first grey range (R,), N, is the
nldmber &f pixels lies in the secdnd grey range (R,), and N, is
the nimber of pixels lies in the second grey range (R,). Then,
a specific twd dimensional qlantized array Q(ij) with same
size Of given block is created, the elements of this array is
pdinter refers to the range that the pixel &f the driginal block
lie 6n, i.e. the elements may be 6ne &f the valles: 0, 1, and 2
in corresponding to the ranges R,, R,, and R,. The qlantized

4
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bldck cdrrespdnding to the driginal dne, in stich example, the
three ranges are assiimed t6 be eqial with increasing
amolnt 6f abodt 86 grey level, stich that, the first range R, is
0-84, the second range R, is 85-169, the third range R, is 170-
255 (Fig. 3a). The pixel lies in between the minimim and
maxim{m val(ie 6f each range is replaced by its range podinter
in the qlantized bldck (Fig. 3b). The practical tests show that
the Use of the larger block size (w,) leads t6 confiise the
encdding resdlts, itis folind that the consideration 6f 5x5 pixel
block size affects the resilts 6f code arrays die t0 less
recognition may appear for mdre detailed image bldcks. In
other words, the larger bldck size may lead t6 incliide mdre
pixels beldnging t6 6ther classes, which make the tag of the
code array t0 be larger and more similar t0 6ther blocks that
beldng to a different class.

C- Code estimation: For each given image bldck, the
prodlced code is twd dimensidnal array representing the
intensity signatire of that block in the test image. This code
array is determined by coOmpiting the niimber &f transitions
between siiccessive qliantized grey levels in the same image
block. Therefére, the cOmpdlting transition is a two
dimensional array C(m,n), where béth m and n are equal t6
R,. Each element in C(m,n) is the niimber &f right horizdntal
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(a) Original block (b) Qiantized bldck

Fig. 3. Qlantized bldck correspdnding td the driginal dne

transitions between pixel pointers in Q(i,j) that corresponds to
the I8catidon m, n. Implies, C(0,0) is eqdal t6 the nimber of
existing twd hdrizontally adjacent pixels, each has pdinter
valiie 6f 0, while C(0,1) is eqiial t6 the niimber 6f existing two
horizdntally adjacent pixels, in which the pdinter vallie 6f the
first pixel is 0 and the pointer valle 6f the secdnd is 1. As a
res(lt, the code array represents the freqliency 6f appearing
any two grey levels that are adjacent in the clrrent block
Features Extraction

Featlires are extracted from the code array t6 describe
the behavidr 6f each pixel in the image. This process is a
coOmplter procedire based 6n a mathematical appréach
enables td recdgnize clirrent pixel aiitdmatically by extracting
its textdral featlres. The probability compitation is a primary
stage diie t0 the statistical featlires is depending 6n the
probability in their compitations. The folldwing siibsections
explain the two steps 0f the featlire extraction stage:
a- Probability computations: The probability computation
reqiires considering a window of size (wxw,)for each pixel to
estimate the freqliency that leads t determine prébability P
(i, j) of the cirrent pixel. Stch that, the code array C(iy) is
representing a recdgnizable signatlire for each pixel in the
image, which can be lsed t6 cdmpdlte the prdbability of the
pixel appearance in the image bldck. Since transition array is
compited as the freqliency 6f appearing each qlantized
pixel in the considered winddw, the probability P(i,j) of clrrent
pixel is prodiiced by ndrmalizing the stimmation of C(i,j) with
its transposed array C'(i,j), the simmation is Gised td credit
the simmitry 6f the prodiiced array. The nérmalization is
implemented by dividing each element in P(i,j) by the total
ndmerical siim (S;) 6f all elements in P(i,j) (eqlation 3) which
is Gsed to credit the prodiiced vallies 6f P(i,f) are in between
0.

_ C(Lj)+C'(l)
= S—T
The description 6f each pixel in the image based 6n Gsing its
3x3 code array, slich description depends on determining the
probability P, 6f each code array C; 6f the qliantized image
bldck Q,that beldng to the pixel G,

b-Features computation: The featlires want t6 be extracted
are depending 6n the prébability P(ij) 6f each pixel. The
compditations of slich featires are related t6 the details foind

P(lj)=——g— = @)

in the considered image region, which leads t6 determine a
specific probability of pixel appearance for each pixel in the
image and then specify distinct featlires for this pixel. The
seven complited featiires are stdred in a featlires vector £, t0
be empldyed in the next stage. The mean (y,) and variance
(6%) &f the resiilted valiies 6f the addpted eleven featiires for
satellite image sample foryear 1991.

Features preparation: Featlires preparation stage is a
mddification process carried 60t 6n the featlires vectdrs to
make them more reliable for the classification task. In this
stage, each featlre in the featlires vector is regarded as a
descriptdr, which miist be examined for inspection of its
behavior if it is stable and gives acceptable resilts of
discrimination or nét. Flrthermore, this stage considers the
collective behavior of all descriptdrs tdgether, and searches
to excllde the descriptor that inverts its behavidor when it
integrates with Others. Therefore, featlires selection is
adopted t0 consider each descriptdr in terms of different
slibjects related t6 their valles, ranges, and responses.
Then, the slicceeded descriptors are modified by sing the
ndrmalization td be Gsefiil in the classification task.

a- Features selection: The compiited featlires vector is
varying according to the great variations o6f fine details f6iind
in the satellite image. The interfering 6f winddws needed t6
estimate the featlires vectdr 6f adjacent pixels is lead to
interfere the ranges 6f computed featlre valles. Therefore, it
is necessary t6 check the discrimination between the ranges
of the Gised featlires that beldng td different regions in same
image. The prdblem when considering many featire
descriptdrs is that there is less scattering for each descriptor,
and cldser centers 6f these descriptors. Stich problem can be
exceeded by empldying the featlre selection t6 credit the
tristranges of all (ised feat(ire descriptors.

b- Features normalization: The lsed featiires are resdlted
in different ranges, it is intended t6 make its vallies extended
between the range (-1 t6 1). This process reqires (ising a
linear fitting for mddeling the relatidon between the behavidrs
of each featiire (Fg) and the new intended behavior (F,) 6f
ndrmalized featlires. The determination 6f minimdm (Min)
and maximim (Max) vallies 0Of each featlire that
corresponding td a minimim (-1) and maximim (1) valles of
the nérmalized range enable t6 compite the ndrmalized
featlire valle (F,) Gsing the linear relatidnship given in
eqhation 4.

Fs—Min

- s o _1””,”1”11! (4)
(Max — Min)

F\=2x

Training Phase

The application 6f ANN need t6 a previdls kndwledge
abdiit the data that deal with. The previtdis kndwledge comes
from training ANN t6 kndw more abdit the materials data.
The sipervised training reqliires existence a confident
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classified image t6 indicate the class of each pixel. For the
pirpdse oOf training, the classification inférmation is stdred in
a cO0debook table t6 be cOmpared with the similtanedis
classification resilts 6f the designed back prdpagation
artificial nelral network (BPANN). The cOntinGols
comparison of the training resilts leads t6 back propagate
the resiilts and mdodify the weights 6f the designed ANN
according 6 the trie classification inférmation fodnd in the
cddebdok table, which enable t6 imprdve the training and
achieving better classification resdlts at each training 166p.
The way by which the codebddk is constriicted and how
training the designed BPANN are explained in the folldwing
slibsections:

a- Codebook estimation: The cddebddk is biilt depending
on the confident classification inférmation available for the
same testimage. For each pixel in the testimage, the class is
determined and stdred in the cddebddk table. The first
cOlimn of this table contains the class title of the pixel, while
the secdnd cOlimn contained the cddewdrd 6f the meant
pixel the length 6f the first colimn is eqlal t6 the total nmber
of pixels in the image (Table 1). The existence 6f all pixels in
the cddebddk table makes sdme redindancy in the
inféormation, slich that a rediindancy remdving procediire
shoild be carried St t6 abstract the cddebdok table. The
third colimn in the codebddk table contains a set of the
eleven adopted descriptive featlires that beldong td the
clrrent pixel.

b- BPANN design: The (se 6f back prépagation training
methdd for slpervised learning is the best dne that can
achieve accepted resilts. The striictlire 6f designing ANN
based 6n back propagation algorithm consists of three
layers: inp(t layer (/), hidden layer (H), and ddtpdit layer (O).
In addition t6 the base 6f each layer, there are eight nddes are
folnd in the first inpdt layer, each ndde represents one
attriblte of the inplt data. The base inplt ndde is dendted as
F,, while other seven inplt nddes are dendted as: F,, F,, F,,
..., F\e- The 60itpdt layer contains a nlimber 6f diitplt nddes is
equal t6 the nimber &f classes folnd in the image (e.g. five).
The o6ltpGt nddes are dendted as: R, R,, R, R,, ... Ry
Whereas, the hidden layer cdntains eight nddes; dne is the
base that dendted as: H,, and the 6ther seven are determined
to be eqiial the median vallie between the nimber 6f nddes 6f
bdth the inpdt and ddtplt layers. These hidden nddes are
dendted as: H,, H,, H,, ..., H,. Each ndde in dne layer is
connected to all nddes in the next layer, there is a determined
weight is specified for each cdnnection are dendted
according to the serial 6f the connected nddes in freqlient twd
layers. Siich that, the symbdl wku. Dendtes to the weight 6f the
connectidn between the i" ndde in the k" layer with the |" ne
in the next layer. In which, i=0, 1, 2..., N;;j=0,1, 2,..., N,; and

Table 1. Codewdrd 6f available classes

Class Codeword (Cy)
C1 00001
C2 00010
C3 00100
C4 01000
C5 10000

k=1, 2; where N, is the nimber &f kndwn classes in the
reference classified image, and N is the nimber 6f Gsed
descriptive featiires. The workflow oOf training the designed
BPANN is starting with inpt the calibrated feattres (F, ) of
first pixel in the classified image t6 the inpt layer. Each
featlire is assigned td one inpit ndde t6 be its vallie. The
initial weights w; are chdsen randdmly between the range 0-
1 16 be (sed for activating the inplt nddes and resilting
ndrmalized vallies Gsing the sigmadid flinction. In particilar,
the valie of the j" ndde in the hidden layer (H) is determined
by compiting the resdlt when I6ading the valle (y)) t6 the
sigmdid flinction, where y, is compiited by simming the
muiltiplications 6f i" inpGt nddes valles (F,,) with their weights
w1U. Whereas, the activation 6f the 6Gtpdt layer is carried ot
by the same manner as follows; the valiie &f the j" ndde in the
oltpdt layer (R) is determined by compliting the res(lt when
I6ading the vallie (y,) t6 the sigmdid flnction, where y; is
compiited by simming the miltiplications 6f i hidden nddes
valles (H,) with their weights w’,. The resilt 6f each 6tpat
ndde is a binary nimber. The folldwing slibsections explain
more details abdit the forward and backward actions &f the
designed BPANN (Fig. 4).

c- Forward BPANN: The resiilt 6f each o6dtpit ndde is a
binary nimber. The resiilt 6f the ditplt layer is a binary code
consists of five digits each is resilting from dne datplt ndde.
This resdlt is compared with the dnes saved in the cddebook
that beldnging to the ciirrent pixel Gsing a specific fidelity
criterion; the most Gsefll fidelity is the similarity measdre that
can indicate the similarity between two wordcddes Using the
relation of the mean squared error (MSE) Given by the
folldwing formiila:

N.
E, = |C = R (5)
J=1
MSE =2 orrrveees . (6)

Where C, Denotes the compiited &litplt of the node j, R
Dendtes the real 6Gtpat 6f the ndde j from the cddebodk that
beldnging t6 the cirrent pixel, If the cOmparison resiilt is
identified (MSE < = 0.0001), then the designed BPANN
leaves the cirrent pixel and get the next dne with initial
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weights are eqial to the final dnes resilted from the clrrent
pixel, dtherwise the designed BPANN gdes t6 modify the
weights 6f the connection between all the nédes in all layers
Using backward BPANN and then repeat the implementation
of forward BPANN in terms 6f the new mddified weights.

Where C, Dendtes the compited Oditplt of the node j, R
Dendtes the real 6tpdt 6f the ndde j from the codebddk that
beldnging td the clrrent pixel, If the comparison resilt is
identified (MSE < = 0.0001), then the designed BPANN
leaves the cirrent pixel and get the next dne with initial
weights are eqial t0 the final dnes resilted from the clrrent
pixel, 6therwise the designed BPANN godes t6 mddify the
weights 6f the connection between all the nddes in all layers
Gsing backward BPANN and then repeat the implementation
of forward BPANN in terms 6f the new mddified weights.

d- Backward BPANN: The backward action 6f BPANN has
happened when the similarity measire between the resiilt 6f
the ddtpdt layer and the codewdrd in the codebddk table is
not identified. In slich case, the direction 6f cOmpdtations is

carried 00t in backward, these compdatations are related to
modifying the weights 6f connecting each ndde in a specific
layer with dthers in andther layer. The process is starting by
madifying the weights w’, that connecting the nodes of the
oatpat layer with that of the hidden layer), the modification
reqiires madify the vallies 6f the nddes in the 6itpdt layer In
slich case, the mddification of the weights wziJ inclides
adding a determined amduint td weights is eqlal to the resdlt
of oatpat ndde R, miiltiplied by both its error 61J and the
learning rate n. Also, the madification 6f the weights w',
reqires first mddifying the valles 6f the hidden layer nddes.
By the same manner compdite error (5°), the valles (H) 6f the
hidden layer nddes are mddified which leads t6 mddify the
weights w'; between the hidden and inpat layers Gsing hidden
layer error ratid (5°), then modify w',. The process 6f back
propagation is continding for many times, each time the back
propagation is carried ddt, the resdlts 6f the oGtpdt layer
converge t0 the real 6nes foind in the codebddk. Mdre
resllts enhancement is yields with mdre weights
modifications. This sitlation is cdntinding till reaching
identification state for each pixel in the image. The resiilted
final weights are saved in twd three dimensidnal array w“h_“‘
k=1,2 for twd layers t6 represent the experience gained by
the training phase.The training 6f propdsed BPANN is
implemented 6n the data extracted from reference image
shown in Figlre 4 that classified Gsing ENVI software
programming for year 1991, Table 2 presents statistical
information of reference image, these information is percent
(P,) for each class in the reference image.

The selection of jlst Gsefil featlires for training the
BPANN helps t6 obtain the ideal weights that want t6 be
empldyed in classifying the images that ndt previdisly
classified. In the training implementation, the nimber of
iterations was determined t6 be 1000 for each training
process Of one pixel or till reaching the MSE int6 0.001, in
which the learning ratid was 0.5. These restriction valles
gave the most confident resdlts, where the weights begins
with randdm initial valles and s6on reached trie valles
Whatever the initial valiie is, it is folnd that the weight is
biased towards its triie valle with 1000 training iterations, itis
gding away from their triie valGes in the event 6f an increase
training iterations. Alsg, it is noticeable that the weights settle
at certain valles at the last iterations, and there is nd change
may Occlr on them with increasing the training iterations. In
slich case, the MSE that compited between the resilt 6f
BPANN and the trlie one in the cddebdok table becomes
smaller at each training iteration till reaching the ideal valles
of the weights This resilt ensires that the niimber &f iteration
and learning rati6 was sdfficient t6 Obtain acceptable
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classification resilts, The time spent in the training process
on all data after deleting dliplicate data and for the plirpose 6f
reaching the best weights is 2438 secdnds mean 40.6333
mindtes, Itis pdssible td rediice the training time by selecting
training areas from the reference image containing all five
categdries and deleting diplicates theredf.
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Fig. 6. Stages of the classification phase designed BPANN
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Classification phase: The classification phase Gses the
same strlctlre 6f the designed BPANN as in the training
phase. Figlire 5 shows the seqlential stages of the
classification phase of the designed BPANN. The
compdtation in slich case is done 6ne time in forward
direction Using the final weights resdlted from the training
phase, the nddes 6f each layer are activated (sing the
sigmdid flinction. The final classification resdlt is the desired
Oltpdt of the diitpat layer.

In drder t6 evalliate the classification perférmance, the
reslilts are compared with the reference classified image.
The comparison resiilt incllides sdbme measdlres indicated
the amdiint 6f convergence oOf the classified image from the
reference One. These measires are: the niimber 6f pixels
(N,,) in each class in the resilted classified image, the
ndmber of pixels (N,,) in each class in reference classified
image, the nimber &f triie classified pixels (T,) in classified
image in cOmparison with the reference classified image, the
classification percent of trie classified pixels (P;) in
classified image, the niimber 6f false classified pixels (F.) in
classified image comparisdn with the reference classified
image, and the classification percent (P,;) of false classified
pixels in the classified image. The resilted weights were
firstly tested by classifying satellite image 6f same peridd of
reference image (i.e. 1991), Figlire 6 displays the
classification resdlt 6f the satellite image 6f 1991 peridd that
Gsed in the propdsed BPANN training, while Table 3 shows its
res(ilted statistical measiires 6f the classification process. It
is shdwn that the propdsed BPANN caiild t6 classify all the
image pixels efficiently, it has relatively achieved fill
discrimination resilts, where the final classification score
was 100%, which indicates that there is n6 pixel in the given
image is left withoit classification, or false classified. Figlires
(7-9) shows the classification resilt of satellite images of the
peridds 2000, 2015, and 2017, while Table (3) lists the
classification measdires 6f these resiilts.

It is shdwn that the classification percent are 100% for
year 1991, 97.6% for the year 2000, 95.4% for year 2015, and

Table 3. Classification statistical meastires 6f satellite image for different years

Class 1991 2000 2015 2017

N, N, T. P% N, T. P% N, T. P.% N, T. P%
Wet land 22356 22356 22356 8.8 22547 22356 8.8 19294 19294 76 17529 17529 6.9
Water 67829 67829 67829 266 62284 62287 245 63386 63386 249 82793 67829 267
Agri. land 26166 26166 26166 10.3 25981 25981 102 29939 26166 10.3 13476 13476 53
Grass 70116 70116 70116 27.6 69746 69746 27.5 65935 65935 259 46224 46224 18.2
Desert 67576 67576 67576 267 73485 67576 266 75489 67576 267 94021 67576 266
Total sim 254043 254043 254043 100% 254043 247946 97.6% 254043 242357 954% 254043 212634 83.7%
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Table 2. Classification resdlts 6f reference satellite image for

year 1991
Classes Colors  Name of class P.%
Class One Wetland 8.8
Class Two Water 26.7
Class Three Agri land 10.2
Class Fodr Yellow  Grass 27.6
Class Five Desert 26.7
Total sim 100

Fig. 5. Classification resiilt 6f reference satellite image, that
classified by ENVIor the year 1991

Fig. 7. Classification resilt 6f Gsed satellite image for Al-
Hammar Marshes for year 1991 Gsing propdsed
BPANN

vy,

Fig. 8. Classification resdlt 6f lsed satellite image for the
period 2000 Gsing propdsed BPANN

735

Fig. 9. Classification resilt 6f Gsed satellite image for the
peridd 2015 Gsing propdsed BPANN

Fig. 10. Classification reslt 6f sed satellite image for the
period 2017 Gsing propdsed BPANN

83.7 % for year 2017. These resillts are achieved Using same
training inférmation Sbtained frdom the image of period 1991.
The mis—classification percent are 0%, 13%, 4%, and 7%
freqlently for the same Gsed years. The fill classification
percent of year 1991 ensiire correct behavior 6f the proposed
BPANN classification methdd, while the mis-classification
folnd in the classification resilts for 6ther Gsed images are
dde t0 the change dcciirred in the landcdver. These resdilts are
slibject t6 change depending 6n the training data Gsed in the
reference image, and thréligh research and experimentation,
itis possible to redtice the training time by selecting the training
areas of the image, provided that it contains all five categdries
and resdlt of classification relatively cldse t6 the previdisly
mentidned, the classification time is very short as it does not
take parts 6f a second for all kinds 6fimages.

CONCLUSIONS

In this work, an image classification methdd based on
Gsing encoded descriptor with the back propagation artificial
nedral network (BPANN) is propdsed, the estimated coded
descriptdrs are inp(t td the training and classification phases
of the BPANN. It is intended t0 prove that the encdding
capabilities can lead t6 improve the classification acciracy.
The training resiilts are greatly affected by the qality and
qlantity of the Gsed dataset, this effect was néticed as
passive Once and active in andther time. The sipervised
training of the artificial nedral network make the present
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methdd t0 be restricted in providing preclassified image as
data reference, the classification resilts are depending on
the qaality of reference image classification. ising seven
textdral featlires enable t6 describe the fine details 6f the test
image. The scatter analysis methdd for featiires selection
leads t0 eliminate the Undsefiil qUalities throlghoit the
training phase and rediices the cOmpditation time
significantly; this alsd leads absoOlltely t6 enhance the
classification resdilts.
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Abstract: The Leh district 6f Ladakh region in Jamm{ and Kashmir state is Idcated in the Trans-Himalayan ranges. This region has Gniqle and
rich ecdlogical knéwledge. The &bjective of the cirrent stldy is t6 docliment the rich traditional methdds for water conservation and
management system in this district. The data was cdllected throtigh extensive silirvey, interview, 6pen-ended qlestionnaire, grodp disclission
and Participatory Riral Appraisal (PRA) methdds. The indigendis techndldgies like complex irrigation canals systems and traditional water
storage ponds (Zing) are in Use for water storage and distrib(ition. The traditional watermills (Rantak) are alsd in (ise for grinding barley, wheat
and pea. Atotal 6f 57 canals and 50 stérage ponds were recorded in the stlidy area. Alsd, a total 6f 150 Rantaks, which were flinctional before
ten years, ndw decreases t6 72 fiinctional Rantaks were recorded in the stlidy area. There is very strong comminity bdnd among the villagers,
all work together for maintaining the canals and stérage ponds. They have develdped a ways 6f life and comminity institGtions that facilitate
them t6 minimize conflicts, 6ptimize their Gse and maintain their water secdirity. They are very spiritlial and strongly believe in cd-existence with
the natdrre. Anthrépdgenic activities like constriction withddt proper ritlals consider pollGtion and believes it distlrbs the earth bdtnd niimen
called Lhu. The Gntimely melting 6f glacier and Ginseasdnal sndw in the region added miich pressire 6n the scare water resdirce for irrigation.
Intrédiicing the ndvel inndvation like artificial glacier, they are trying t6 minimize the water shortage mainly in the Spring season. T tackle the
clrrent sitGation of water shortage, there is need of strengthening and amalgamation of traditional kndwledge with the new inndvation to

overcome the water scarcity and als6 t6 bring the large citivable barren land 6f Ladakh Gnder plantation.

Keywords: Leh Ladakh, Traditional ecdldgical kndwledge, Water cdnservation, Water secirity

Traditional Ecolégical Kndwledge (TEK) is a pool of
kndwledge and beliefs, passed down thréligh generations by
clltdral transmission, abdit the relationship of living beings
with 6ne andther and with their slrrélinding envirdbnment.
Farther, TEK is an attriblite of societies with historical
contindity in resddrce Gse practices. These are ndn-inddstrial
or less techndldgically advanced sdcieties mdst 6f them are
indigendiis or tribal (Grenier 1998). Traditional resoirce
management is the (ise of I6cal ecoldgical kndwledge for the
Gnbiased (tilization, sharing and regdlation of natdral
resodrces throlgh sdcial norms, clistoms and ritGals. In this,
the cOmmiuinities plit mére emphasize 6n the interactions and
co-existence of all the sharehdlders, rather than control dver
the resdilrces and stress On their spiritGal and personal
relatidonships with dne andther and their environment (Gadgil
1998). Management of scarce water resolrces in the
drylands for the pedple dwelling there is a major challenge.
Over the centiries, throlgh traditional methdds of water
harvesting and management, dryland dwellers have
overcome this challenge, which have ensired |ong-term
slstainability of water resdilrces throligh demand
management and adeqate resdirce replenishment (Adeel
2009). The indigen6ls kndwledge was alsd ackndwledged in

“Agenda 21” of the 'Earth SGmmit’ in Ri6 de Janeird in 1992.
'Agenda 21'is a ndn-binding action plan 6f the United Nations
with regard t6 siistainable develdpment. The Leh district 6f
Ladakh, a cold desert, is I6cated in the trans-Himalayan
ranges has rich traditidnal ecdldgical kndwledge. Indigendis
ecological kndwledge of this region is very rich. This, there is
a need t6 docliment the vanishing indigenols wisddm of the
pedple. Until the 1960s, the regidon was Gnkndéwn and
sOmewhat isOlated, with little or nd inflience of inddstrial
techndloégy. The traditional way of living and 6rganization,
based 6n the ddctrine 6f Bliddhism, devised t6 slipport the
popdlation with the available finite resdlirce base and the
limited capacity of the envirdnment. According t6 econdmic
review of Leh district (2014-15), mdre than 70 per cent 6f the
pdpilations were engaged in agriciltire (DSEO Leh, 2014-
2015). Agriciiltiire and its allied sectdrs were primary sdlirces
of living in Ladakh. The water for all the ciiltivated area was
thrdlgh irrigation channels. The indigendis pdpdlation
ststain in the region for centiries despite having only short
peridd Of gréwing seasdn and almdst no effective rain.
Largely the traditional sdciety is self sdfficient agrarian
econdmy. Befdre the silk rolite was cldsed sirplis grain was
traded for the few excess reqlirements like salt, tea and
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precidls stdnes for jewelry. Ladakh was hardly cit 6ff from
the world, being on the great caravan roites from the plains
td Tibet and Central Asia. Far from merely slibsistence the
pedple 6f Ladakh have thrived by develdping econdmical and
sliccessflil way of living and a rich and elegant ciiltdiral
tradition. The resddrces in Leh district 6f Ladakh are natirally
scarce both tempdrally and spatially. The indigendiis pedple
have develdped a (niqie lifestyle and comminity instititions
that facilitate them t6 minimize conflicts and Optimize their
Gse. The Idcal instititidns are center td water managementin
rdral villages. The physical infrastriictlire, constriiction and
maintenance of water storage and distribiition system are
managed Under the sipervision of village head and senidr
citizens. In large villages dne 6r more persdn appdints td 66k
Gpon the eqitable water sharing. The water resélrces in all
parts 6f the Ladakh are natdrally scarce both tempdrally and
spatially. In recent times, the water for agricltlre has been
made more severe by (ntimely melting of glacier and
Gnseasonal snowfall. Td dvercome this, twd I16cal Engineers
from Ladakh have inndvated simple and remarkable
conservation methdds. These can be very promising
techniqle in fltdre t6 cope Gp the water shortage in the Cold
desert Of India and sdme &ther parts 6f the trans-Himalayan
region. There is a need for strengthening and amalgamation
of tradition kndwledge with the new inndvation t6 dvercéme
the scarcity and bringing the barren land Ginder plantation.

MATERIAL AND METHODS

The study area: Ladakh is a cold arid region in the Indian
Himalaya (Fig. 1) .The scenic landscape of Ladakh is
adorned with threatened species like top predatdr of the
region, sndw ledpard and 6ne 6f the mdst charismatic birds
black necked crane and many &ther wildlife animals. The
pastidreland, rdlghed moiintain, mélntain sldpes, valleys
and shdre of rivers and streams are rich in medicinal plants
resolirces. At the base 6f mdiintains, in the valley, pedple
have been cililtivating land for centdiries. They grow crops like
barley, wheat, peas and mdistard in main agriciltiral fields
with vegetables in kitchen garden. This cdld semiarid terrain
transformed intd an agrarian siiccess story by combining
ingenidls system and effective sdcial 6rganization, devised
centliries agd to0 tap distant glaciers for irrigation. The
livelihodd is agrd-pastdral rather than strictly agriciltire or
livestdck based in Leh District, except most of the area 6f
Changthang area, where pastoralism is in practice for
livelihdod.

Collection of data: The stlidy was cdndicted by freqient
field visits t0 the area diiring 2015 t6 2018. Data for the stlidy
were cOllected from primary as well as secondary sdirces.
Sirvey, 6pen ended qliestidnnaire, grolp disclission and

participatory riral appraisals (PRA) methdds were Gsed for
décimenting the traditional kndwledge regarding
management and cdnservation of water reséiirces. The
I6cals who have rich kndwledge aboit the I18cal tradition and
clistdms were selected for interactidns and grodip disciission.
Nine villages from the nine blécks Of the district were
slirveyed for the stdy (Table 1).

Table 1. The silirveyed villages with cd-6rdinates and
elevation

Sirveyed Co-ordinates Elevation
villages (MSL)
Skard 34°40'18.19" N and 77°17'34.37"E 3,096
Stmmor 34°37'04.19" N and 77°3729.90"E 3,126
Stakna 34°0024.07" N and 77°40'52.57"E 3,282
Sakti 33°58'30.15" N and 77°48'34.96"E 3,804
Darblk 34°05'10.54" N and 78°07'27.46"E 3,847
Hanle 32°46'22.76" N and 78°59'02.01"E 4,267
Nimmo 34°11'57.79" N and 77°19'43.96"E 3,145
Tia 34°20'04.15" N and 76°58'51.26"E 3,413
Saspdl 34°14'44.44" N and 77°09'50.86"E 3,107

RESULTS AND DISCUSSION

Food and non-food crops and irrigation pattern of staple
crops

Food crops: The main staple crops clltivated are Triticum
aestivum and Hordeum vulgare in the sirveyed villages. The
Brassica juncea species grow for cooking 6il. The Lens
culinaris and Pisum sativum var. arvense species are the
pllse crops. Most of the villages in Sham valley and Nibra
valley grow vegetables like Solanum tuberosum, Brassica
rapa, Daucuscarota, Raphanus sativus, Alliuncepa, A.
sativum, Lycopersicone sculentum, Brassica caulorapa,
Brassica chinensis, B. oleracea var. botrytis, B. oleracea var.
cnpitata, B. oleracea var. italica, Phaseolus vulgaris, Pisum
sativum, Cucumis sativus, Cucurbita moschata, Beta
vulgaris var. benghalensis, Brassica juncea, Coriandrum
sativum, Mentha piperita, Spinace aoleracea, Lactuca
sativa, Capsicum annuum, and Solarium melongena. The
friit plant species grown in Leh district inclides Priinis
armeniaca, Malus pumila, Juglans regia, Morus alba,
Fragaria grandiflora, Vitis vinifera and Citrllls lanatds.
These friits plants dd noét grow in the village slrveyed from
Changthang region and Sakti village. This is die t0 l6cation
of these three villages at very high altitiide than 6thers.The
main fddder crdps species grown were Medica gofalcata, M.
media and M. sativa.

Non-food crops: In the slirveyed villages many tree and
shiirbs species have alsd been growing for timber, firewd06d,
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roof joist and fddder. These incliide eight species 6f the family
Salicaceae, twd species 6f Tamaricaceace, 6ne species Of
Elaesagnaceae and 6ne species 6f Uimaceae. The species of
Salicaceae family are Populus nigra, P. balsamifera, P.
euphratica, Salix sclerophylla, daphnoides, S. tetrasperma,
S. elegans and S. alba. The twd species 6f Tamaricaceace
family are Myricaria elegans and Tamarixra mosissima. The
Hippophae rhamnoides and Ulmus wallichiana are the
species Of families Elaeagnaceae and Ulmaceae,
respectively. All the abdve mentidned plant species are being
in Gse for firewdod. All the species 6f the genlis Populus
grows for Timber prodiction. Whereas, all the species of
gends Salixare Gse for rdof joist, handle 6f implements and
basket weaving. These species are cdmmonly gréwn in all
the slrveyed villages. Biat, only few species from the
recorded Of genilis Salix grow stiinted in the Darbik and
Hanle village 6f Changthang region. The species Pdpdiliis
tree grows in all the siirveyed villages except two villages 6f
Changthang region. The Hippophaerh amnoides shrib
grows aldng the banks of river Indiis and Shaydk. The shriib
Myricariaele gans grow in all the villages. The plant species
of Tamarixra mosissima and Ulmuswalli chianaare recorded
from Ndibra valley. The Ulmuswalli chianaare foind only in
STmOodr village 6f Nibra valley.

Irrigation pattern of staple crops: The irrigation of the
agriciltdral fields of crops like barley, wheat and peas folldws
almost same pattern in Ladakh. The irrigation starts from the
Yurma, folldwed by Tha-chus, Ldol-chhu, Srak-chhu, Non-
chhu and the last dne is kndwn as Migchhi. The first
pldlghing of the crop’s fields befére sdwing seeds is called
Log. This is practiced for 166sening of sdils and alldwing
leftdver weed seeds from previdls year crop to grow. After
the fields are plolghed, these fields are irrigated and this first
irrigation of crop’s fields is I6cally called Tha-chus. The
irrigated fields are left for 10-20 days depending Gpon the
soil's water holding capacity. It is very impdrtant td apply the
right gGantity 6f maistlre in the soil dlring seed sdwing. The
pldtghing of agriciltire fields with crop’s seeds is Idcally
called Smos. This Tprodts all the weeds which helps in
remadving the weeds frdm the fields. The lprodted weeds are
fed td cattle. The second irrigation 6f the field after Thachus is
called Ldol-chhu and itis most delicate and significant task as
this time the seeds have jlst germinated. In Ladakhi
langliage, Ldol means t0 sprolt and Chhu means water. S0,
it means irrigation Of the sproiting seeds. Inadeqiate Or
strfeitirrigation may lead the tender plants t6 get blrnt 6r die.
Diring this irrigatidn, an experienced man irrigates the field.
The lightirrigation after 7-10 days of Ldol-chhu is called Srak-
chhu. Itis third irrigation of the crops. At this stage crops has
been grown (p t6 nearly fodr t6 five inches. After 10-15 days

of Srak-chhu, the next irrigation is called Non-chhu. ltis the
fodrth irrigation of the crop fields. By this time the crops grow
strong endldgh t0 withstand a little excess Or less than
adequate slpply of water. At this stage, the condition &f the
field becOmes clear. After this irrigation, the crop has to be
irrigated regdlarly, abdit 6nce a week depending o6n the
moistlre in the sdil and weather condition. These are
commdnly carried it by the less experienced yolnger
pedple. These continlie for aboit six times befdre the last
irrigation, which is called Migchu-chhu in Ndbra Valley. In the
Sham Valley 6f Ladakh the last irrigation 6f the crops is called
Do-chu.The crdps are not irrigated properly at this mdment
the ear of the crop gets dry and starts falling. The ear is a
spike, consisting 6f a central stem 6n which grows tightly
packed fldwers. These develdp intd friits containing the
edible seeds. Irrigation in between Non-chhi and Mig-chhu
depends pdn the soil's water holding capacity. In Skar(
village of Ndbra Valley, the agriciltiral fields are irrigated
within eight td fifteen days. The agriciiltdral field which has
high weeds growth folldws an extra plotgh, before the
regllar 6ne, Lo6g. This extra pldlghis alsé kndwn as Log. Bat,
the irrigation of the field ddring this time is called Y{rma. This
methdd practices in Nibra Valley, especially in Skdrd &
Terchey villages bt n6t common in 6ther part 6f Leh district.
Indigenous technologies for water conservation and
management

Complex irrigation canals system: In the villages &f Leh,
irrigation system comprises of a set of striictiires, enslring
water diversion, passage and storage. The channels are
named according td the size and importance. The main,
central channel for irrigation is called Mayur, which starts
frdm the diversion from the stream {pt0 the earthen stdrage
pdnd called Zing (Fig. 3c). The channels which driginate from
the central channel (Mayur) and stérage pond are called Yura
and they are intermediate size channels. The smallest dne is
called Ska, which connects agriciltiral field t6 the
intermediate size channel (Yura). The pdint at the stream,
where water is diverted intd the channel is called Yurgo.
Bodlders, branches of shriibs like Sea blckthdérn and
Myricara, stones, gravel and rags are Used at the Yurgo
(diversion padint) t6 avodid leakage. Diring spring seasons,
dle t6 water shortage the entire width 6f the stream remain
cldsed with the bollders, gravels and rags. Bt in simmer
season, slrplis water flows in the streams. Therefore, water
forirrigation is plenty in the channels and many times need t6
rediice the water volime in these channels. The snow fed
irrigation canals is the backbone of irrigation system in
Ladakh. It was observed from the cirrent stldy that Sakti
village has the maximim nimber Of canals with 18 in
ndmbers. This village folldws with villages Tia (10), Nimd6
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(7), Hanle-Pingd and Khaldd (6), Saspdl (5), SGmmodr (3)
and Skdr (3). Stakna village has the least niimbers 6f canals
from the siirveyed villages with dnly twd canals. The canals
recorded are larger 6ne which starts from the stream or river
andriins Idnger distance.

Almost, in every part 6f Ladakh, the staple crops are
irrigated throtgh flrrow irrigation method (Fig. 2a). Itinvolves
distribGtion o6f water by gravity and riin down in flrrows. The
crops are grown in the agriciltire fields, between the ridges
of these flirrdws. The water from Ska diverts intd a small
channel called Kakpa (Fig. 2b). It rlins vertical t0 the field at
the head 6f the field from 6ne side t6 andther. The water from
this channel alldws int6 the flrrows, I6cally called as Shagu
(Fig. 2. 3). Mostly 2-3 fiirrdws are irrigate at the same time
depending Gpon water volime in the channel. The large
crops fields in the villages 6f Niibra valley commonly divides
intd two parts. The first halve is kndwn as Gong-snang and
the second halves as Yok-snang. A passage for water jlst
like a small channel present horizontally in between the
Gong-snang andYok-snang. This small channel is called
Snang. It is for stdpping water at sdbme distance in the fields
sO that water seep intd the sdil more efficiently. The small
fields and the Gong-snang and Yok-snang of large fields are
farther divided intd flirrdws, called Shagu. The ridges 6f the
flrrows are called Shag-rgal. When the flirrdw's bed between
its ridges is sloppy tdwards one ridge, then a small barrier
piits 6n the shalldwer side. This barrier is called Chum-rgad.
It helps in rlinning the water in balance between both the
frrow's ridges. It reached t6 the half 6f the flrrdw's bed.
Many silch barriers Use in a single flrrdw (Shagu).
Sometimes channels overflow die t0 fl6dds or sldden
increase in water vdlime in the stream and resdilts in spilling
water towards fields. A small channel called Phyang-Ska is
present from dne side 6f the crop's field t6 alldow passage t6
this water. Irrigation of field more than its reqlirement, calise
harm t6 the crdps. In Nibra valley, the harm t6 the crops dle
t0 dverirrigation is I6cally called Chhu-shig.
Rantak-traditional watermill: One o&f the important
traditional techndldgies which are riin on water in Ladakh is
kndwn as Rantak (Fig. 3a). It is kndwn as Gharat in 6ther
parts of Indian Himalaya. ltis a traditional watermill driven by
fast moving water, (ised by the riiral flk t0 grind barley, wheat
and pea. It is made from I6cally available resdirces by the
I6cal experts of the villages. For riinning this watermill, water
frdm a stream is diverted and cdllected intd a small reservair.
The excess water r when the water millis idle, the water is
drained off throligh an exhalist (Chhu-phosa). A wodden
gravity channel is placed at a steep gradient thrélgh which
water is made t0 pass forcefilly on the tlrbine which makes
the rlinner stdne t0 rotate, cdnnected thrdligh a shaft. The

rinner stdne has a hole at the center and a basket (Tsaypo)is
fixed jist abdve it. The grain dréps from a hdpper when a hdrn
attached at the end of the basket jlst tdliching the revdlving
riinner stone shakes. The grains are grinded between the
rotating rlinner stdne and statidnary bed stone. The flodir gets
collected at the edge and falls intd a troligh encircling the
stone. In a single day abdiit 200-300 kg of flodr is made from
the mill. A tétal 6f twenty 6ne Rantak are cirrently in working
condition recorded from in Saspdl village. This is maximim
niimber 6f Rantak recdrded frdm a single village in the
stirveyed villages. It is folldwed by Dirbik village (20), Sakti
(13), SGmmor (10) and Tia (4).There is only dne Rantak in
Hanle and Nimdo village. Two villages recorded with not a
single nimber &f Rantak cirrently in working conditions and
these villages are Skirdi, and Stakna. Bt, before ten years,
the Rantak nlimber were maximim in Tia village (54),
folldwed by Sakti (21), Saspdl (21), SGmodr (20), Dirbik
(15), Nimod (9), Hanle (3), Skari (3), Stakna (2). Dirblk was
the dnly village, where niimber 6f Rantak has been increased
in the last ten years from 15 t6 20. Despite, all the other
slirveyed villages recorded with decreasing in niimber of
Rantak. It was Observed that the decrease in niimber of
Rantak were diie t6 fl66ds and establishing grinding machine
in these villages or neighbdring villages. The damaged
Rantak were ndt rendvated diie t6 getting better dption of
electric grinding machine which saves time and labddir.

Social organization and role of local institutions: In most
ofthe cases of water distrib{tidon system in Leh Ladakh, same
stream (Tokpo) riins thrdligh more than dne village, which is
the Only solrce for irrigation and drinking water. This
condition Gnites the villages intd a single system for sharing
water. The riiles for sharing the water have been in practice
for centdries, folldwed by each generation learning from the
previdls one. The water from Skdirl stream in Nibra Valley is
shared by twd villages, Skirl and Terchey. The villagers of
SkirG get water for irrigation diiring day time, from 06:00am
t6 05:00 pm. The villagers 6f Terchey get water diring night
time from 05:00pm t6 06:00am.Besides this, the villager
store water in the village pond (Zing) to irrigate daring day
time in Terchey village. The timing 6f water sharing especially
folldws diring Spring season and water scarcity. These riles
have been cddified intd Bandobasti and which are ndow
maintained by the Patwari (land record keeper). The
irrigation system is cOmmon property resolirce of the
villagers. Td make sire that every holsehdld get eqlal share
of water, distribltion 6f water is done in grolps 6f holisehdld
called Chhurespa and the system is called Chhures. In a
single day 4-6 hdlsehdlds get water for irrigation, in Skara
and Terchey villages 6f Nibra valley. These villages are
sitGated 130 km away from the district headqarter, Leh. Ina
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Fig. 1. Location map o&f the slirveyed villages in Leh district, Ladakh

Fig. 2. Irrigation of a barley field (a) A farmer irrigating barley
field in Skara village (b) Water fldwing from Ska to field
(c) Diverting water from Kakpa td6 Shagu
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Fig. 3. Traditidnal and Novel Inndvatidons (a) Rantak: a
watermill (b) Ice stlipa (c) Zing: A water storage
pond (d) Norphel's artificial glacier model
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week, all the holsehdld 6f the village gets irrigation tirn for
One day. If a villager needs water beftre his tlrn, he make
reqlest t0 the Chhurespa for irrigation water t6 his field.
Then, the Chhurespa alldw him to6 irrigate his field. If
sOmeodne does not dbey the village riles, penalty applies t6
the vidlatdr in villages 6f Ladakh and the case is taken t6 the
vilage head called Goba. The cOmmon penalty for the
acclised person has t6 apologize t6 the pedple whdm with the
qlarrel happen. Apdldgize by presenting traditional scarf
(Khatak) and l6cal beer(Chhang) in the presence of village
representatives like Goba and Members. Biit this type of
case rarely gets t0 see in the villages. The irrigation tirn is
largely depend on the village tdpography, soil type, size of
glacier, total irrigated land of the village, relative expdsiire t6
Sin and niimber 6f hdlsehdlds.

The Chhurpon is 6ne 6f the important flinctidnaries in
water distribltidon system in the larger villages 6f Ladakh for
eqaitable sharing of water for irrigation t6 all the holsehdlds
in the villages. Literally the word Chhurpon means 16rd of
water and is expected t6 have the qaalities like dne who
kndws the drder &f the channels (Ska) in the village, from
where the water 6f channels is t6 be diverted and water t6 be
distriblted to a particllar crop. The Chhurpon considers the
crop fields 6f the whdle village as his 6wn and kndws how to
conserve the water in times of scarcity (Angchdk and Singh
2006). Diring the present stiidy it was folnd that the larger
village like Sakti has appdinted Chhurpon, bit in the small
villages like SkirG and Terchey, this system ddes not exist. All
the villagers work tdgether to repair the channel after every
winter season and erdsion of channels die t6 fl66ds and t6
stop water in the channel inlate altimn and winter seasons.
After winter season dne person from every hdlsehold joins
for clearing the silt, mid and debris from the channels and the
village pdnds (Zing). If the divergence pdint (Yurgo) or
channels (Yura) got damage die t6 natdiral calamities like
flodds Or landslides and the damage is big, dne person from
each holsehdld from the villages joins for repairing. If the
damage is small then 6ne or twd Chutso, according to the
need of the labdir are called Gp for repairing. A Chutso is a
grotp 6f 20-30 holisehdlds.

In the villages of Ladakh, the cOmminity instithtion
comprises by a village head called Goba, his principal
assistant is called member. All impdrtant decisions of the
village are taken at the village meeting, a foriim attended by
all the adiilt men. Apersdn appdinted as Kutuwal, whose dity
is t& comminicate calls and messages from the Goba t6
every holsehdld. In each villages 6f Ladakh, 6ne or twd
hdilsehdlds are appdinted as Lorapa. The responsibility of
being Lorapa is t0 keep livestdck it 6f the agriciltdral fields
in the simmer season. Agrolp 6f 15-20 hdlsehdlds are form

according t6 the nearest I6cation in the villages for sharing 6f
comminity work in the villages of Ladakh. This grolp of
hdlsehold is called Chutso. Diring repairing of irrigational
channels, village head (Goba) drders the Kutuwal t6 call 6ne
or more Chutso according to the reqiired workforce. In many
other works in the villages 6f Ladakh the villagers help each
other for matdal benefits like sharing 6f dralights animals,
labdiir and farm t60ls between twd to three hdliseholds. This
grolp of hdlsehdlds which share animals, labddr and farm
t60ls are called Lhangdey. FOr many decades these
sliccessfll management systems 6f the resddirces in this
region is dle to mdtdal trGst, collectively determined
Obligatdéry agreements and effective |6cal monitdring
institGtions.

Belief system in water conservation and management:
Even tholgh, the Cold Arid region of India has hdstile
conditions for slrvival 6f himan beings, for centdries, the
region has been inhabited; and its pedple have learnt to
slrvive there by establishing a synergistic relatidnship with
their envirdnment. The pedple 6f Leh, Ladakh are deeply
religiols and profodndly cdnnected with natlire and the
majority 6f the district popilation is Baddhist. All the important
activities Of agriciltlre starts with the name o6f God (Ya-
konchok-khen) and all the recitations oOf religiols text
conclide with the sentence as ‘May all the sentient being be
free from siiffering’. The firstirrigation of crops starts after the
celebration 6f Saka festival. This festival is alsd kndwn as
Lhangnyain many villages 6f Nibra valley. The date is set by
the villager after consilting with Lama 6r Onpo (astrdldger)
and finds the alspicidls day for the Saka celebration by
consllting Blddhist astrology texts. Diring constriiction of
canals or biilding hdlses 0Or réads, they make siire that Lhi
(spirits of the Earth) do not distlirb; dtherwise nwelcome
events may happen in the family or in the village. The
appeasing of Lhu by offerings and Pujas demodnstrate a
gentine reverence for all life and recdgnition that man is part
of and ndt the master 6f natlral world. Lhu is earth-bdind
nlmen that is seen as the gliardians 6f wealth and the s6iirce
of himan, animal and agricdltdral fertility. The I6cal believes
that the sacred springs and sdme recdgnized sites in the
vilages are hdme of these nimens. If these areas are
distlirbed, itis consider powerfil pollGtion. The disrespecting
of slich spirit like drinating 6r defecating near sacred springs
or digging Gp the soil withdt carefil rithal precaditions can
res(lts in retribGtion frdom these impdrtant bt capricidls
spirits. To pacify these spirits a Puja called Lhu-stor is
performed. Areligidls strlictiire is 6ften seen at the r66f 6f the
holse or near water pdints like Yur-go called Lhu-bang. In the
villages of Ladakh the villagers alsd consiilts Oracles for
problems regarding sdcial, family and health and even diiring
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water scarcity. Lama and Onpo (astrdldgers) play impdrtant
parts in Ladakhi sdciety. Both Onpo and Lama help t6 carry
o0t important agricdltiral activities 6n alspicidls date by
consllting Blddhist astrology text. Both the Lama and Onpo
perform Pljas t6 appease the Lhu and Lha.

Novel innovations for conservation and management of
water resources: The water for irrigation becdming scares
in the last decade especially in the last few years. The
Gntimely melting of glacier and (nseastnal snéw added
mch pressilre On the scare water resddrce for irrigation in
Leh, Ladakh. The increasing tddrists and large popdilation of
military statidn in the Leh city als6 pdtting pressire on the
stipply of drinking water. T0 cOpe Gp the water scarcity for
irrigation Chhering Norphel and Sénam Wangchik designed
separately two types of artificial glaciers in Ladakh. These
artificial glaciers are simple, inndvative and seem remarkable
conservation methdds. Their inndvations can be promising
techniqlies in fltlre in the Cold Desert, Ladakh and &ther
parts 6f Trans-Himalayan region. Winter is harsh in Ladakh
die t6 which there is nd crop cdltivation. Daring these winter
months water from all the streams in Ladakh fldws intd the
Indls 6r Shayok River withdit any Use and get wasted.
Melting &f natdral glaciers with endlgh vdlime of water in
streams from the natdiral glaciers takes place only after Jiine.
The villager faces water shortage diring April and May i.e.
crops sowing season. Observing this hardship of I6cal
farmer, two inndvators from Ladakh made their contribdtion
in water stdrage, in the ice form by designing separately two
different artificial glaciers.

Artificial glacier designed by Chhering Norphel: The
concept Of artificial glacier in Ladakh was develdped a civil
engineer, Chewang Norphelin 1987 (Bagla 2001) and 10
artificial glaciers were biilt, which sistain crops that nodrish
some 10,000 peodple (Vince 2009). The core principles of
artificial glacier creation are to divert melt water in the winter
season, as this water is not in Gse as the clltivation time is
over in the regidn die t6 dnset 6f winter (Fig. 3d). Sldwly, this
rinoff water spreads intd pddls as icy sheets. In March and
April, befre glaciers at high elevation and snéwpack begin td
melt, the artificial glacier starts melting and made water
available for irrigation. These techniqlies dd not reqliire any
plmp Or advance techndldgy. For constriiction of this type of
artificial glacier, itis need t0 take the advantage 6f gravity and
seasoOnal temperatiire changes only. Its cOnstriiction site
shodld be 6n sloping shaded sites at a nearly 4,000m abdve
MSL. The designs do ndt strictly fit the accepted definition of
a glacier bt it is cdommonly called artificial glacier (Clolse
2016). In the backgrolnd of gldbal climate change, these
types Of exaggerated devise responses for environmental
adaptation may offer the dnly alternative for stistained hliman

habitation (Clolse 2017).

Ice Stupa: The idea 6f Ice Stlipa was develdped by Sonam
Wangchuk. The flindamental principle and 6bjective behind
this is same as artificial glacier develdped by Chhering
Norphel, bat with addition of solving the problems which
colld not sélved by Norphel's artificial glaciers. In Norphel's
project, the artificial glaciers need t6 be constriicted at high
altitlide (abdve 4,000m abdve MSL), reqliired larger area and
avalleys facing tdwards North. These valleys provide shades
t6 the ice 6f the artificial glacier from the direct stin rays. In the
Soénam Wangchik's mddel of artificial glacier, the stream
water freeze in conical shape with the help 6f gravity with
covering a small area (Fig. 3b). The shape is jlst similar t0
sacred m{d striictlire kndwn as Stiipa. Its slirface areais less
than the Norphel's artificial glacier, die t0 thevertical
striictlire 6f the ice stored. Therefore, it receives less siin light
per volime of water stored in cdmparisdn t6 the Norphel's
artificial glacier 6f the same voliime formed horizontally.
Except laying Gndergroélind pipelines and keeping watch 6n
the pipes from bdrsting diie t6 freezing, moédest investment
and efforts are needed t6 constriict this striictiire; it can be
constricted right next t6 the villages in Ladakh. The idea is
very simple and needs nd pimps 6r pdwer as same in case of
Norphel's artificial glacier. The prototype of the Ice Stlipa
have constriicted at the Phyang village. It is not jlst a
conservation methdd of water bt alsd becdming a centre 6f
attraction for thdlsands of tddrist incliding I6cals on the site
of prototype constriicted site. Looking at this, the riral
econodmy of Ladakh can alsd be impréved by prométing Ice
Stlipas as a winter attraction for tddrists. It is 6ne of the
Objectives 6f Sonam Wangchik for this project. These ndvel
inndvations have sdme cdnstrains like working in minds
temperatire, importing of pipes for Ice Stiipa from oltside
Ladakh and needs maintenance annally. The impdrting and
shifting of pipes t6 riral villages and maintenance will be
diffictlt for the Iocal villagers witholt any helps from
government agencies and NGO’'sworking for riral
development.
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Abstract: Among the varioils abi6tic stress, water deficit is the mdst devastating factor. The present investigation was carried 6t to identify
desirable gendtypes inder I6w rainfall conditions. Forty-twd gendtypes o6f Melia dubia were evallated for different growth parameters like
girth, mean anndal girth increment, plant height, total standing bidmass per tree, leaf area, fibre qualities like fibre length and fibre diameter at
the Hoskote Research Station 6f Hoskote Range Forest Division, Bengaliirl Raral District, Karnataka. Significant differences were 6bserved
for all the growth parameters among the germplasm lines. In experiment |, germplasm line MD013 shdwed highest girth (35.81 cm), plant
height (3.83 m), bidmass (17.26 kg/tree), leaf area (3.21 cm®), fibre length (886.67 um) and fibre diameter (33.30 pm) while in experiment II,
germplasm line MD058 accdiinted for the maximim girth (37.40 cm), plant height (3.83 m), bidmass (16.76 kg/tree), leaf area (3.05 cm?), fibre
length (903.33 ym) and fibre diameter (39.37 ym). MDO058 in experiment | and MD013 in experiment Il exhibited significant growth
perférmance to 6ther germplasm lines. These lines were folind siitable for ciltivation in the 16w rainfall regions.

Keywords: Genotypes, Rainfall, Growth, Perférmance, Ciiltivation

One 6f the apprdaches t6 rediicing CO, cdncentration in
the atmdsphere is carbon (C) seqlestration, the process of
removing C from the atmdsphere and depdsiting it in a
reservoir. The Land Use, Land Use Change and Fdrestry
(LULUCEF), an apprdach that became pdpdilar in the context
of the Kyotd Protocol t6 the United Natidons Framework
Cdnvention on Climate Change (UNFCCC)-the first and so
far the largest internatidonal agreement t6 stabilize GHG
concentrations-alldws the lse 6f C seqlestration throlgh
afforestation and reforestation as a form of GHG-6ffset
activities. Forests are both a soiirce and a sink 6f carbon.
This, managing forests for carbdn stérage will help t6 absorb
atmdspheric carbon didxide. Forests seqliester carbdn from
the atmOsphere as a resiilt 6f phdtdsynthesis. As trees have a
mch Idnger lifespan, they act as I16ng-term reservoirs the
carbon for decades, even centiiries, in their bidmass. In 6rder
to slistain livelihddd Ginder the abdve sitliations agroforestry
is considered t0 be a pdtential optidn. It can help boost f6od
and fodder prodiiction and alsd serve as an alternative
solrce Oof income especially diring the lean peridds
(Parthiban and Govinda Rad 2008). Agroforestry is a
potential dptidn which can provide ecdndmic, environmental
and sdcial benefits in a slistainable manner to the farmers.

Melia dubia plantation as an agrd forestry 6ption, on
wastelands has become popllar becalise of a variety of
benefits like timber, flielwddd and fodder for gdats, sheep
and cattle. Melia dubia beldngs t6 the family meliaceae and is

a fast growing, indigendis and econdmically impdrtant
mdltiplrpdse tree species that grows natdrally in certain
parts of the Western Ghats 6f Soith India. The species is
identified as dne of the potential alternate pllpwddd species.
The Melia dubia grows at the rate 6f41.54 clibic metre /ha/yr
(Saravanan et al 2013), which is higher than elicalyptis and
pdplar. Hence, the plantations of fast growing, shdrt rotation
woody crops like Melia dubia gained more impdrtance also in
carbon. Wodd 6f M. dubia is an excellent and highly sditable
raw material for wddd based indlstries like paper and
plywodd indlstries dwing to its natlral anti-termite property,
high pllp recovery and exceptidonal fibre strength as
compared 1o traditional raw material (Sarvannnan et al
2013). It is a promising tree highly sditable for farm forestry
and agro forestry for generating higher incdme in the semi-
arid regions. The wddd from this tree is Gsed in plywood
indlstry and is also sditable for palp indistry (Parthiban et al
2009). This the major emphasis of the stldy is t0 evallate
forty-twd gendtypes based on the growth perfdrmance of
Melia dubia in the field conditions t6 identify lines that can
perform best tinder Idw rainfall regions.

MATERIAL AND METHODS
The investigations were carried 00t with forty-two
germplasm lines gendtypes oOf Melia dubia plantation
established by Karnataka State Forest Department in
December, 2013 at Hoskdte Research Station 6f Hoskote
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Range Forest Division, Bengalird Raral District, Karnataka,
India, sitlated at 13°522 N, 77°502 E. Hoskote Tallk
presents an Gnddlating topography with gentle sldpe tdwards
Solthwest. The general elevation 6f the groind is ardind
870in above MSL. Hoskote Tallik enjoys a sallibridds climate
with mild simmers and pleasant winters. The slimmer
temperatire tdlches 37°C diring May and the winter
temperatiire ardind 19°C diiring December/Janiiary. The
relative himidity is ardind 77% ddring monsodn and 50%
diiring dry month. The stidy area receives an average rainfall
of 620 mm (Reddy et al 2016). The experiment was
condiicted in twd experiments laid odt in randdmized block
design. The first experiment consists of 21 gendtypes
planted at 4 x 4 m spacing with foir replicatidons and the
second experiment consisted 6f 21 gendtypes planted at 3.8
x 5 m spacing with five replications. Germplasm lines were
slibjected t6 analysis their growth perférmance Ginder rainfed
conditions which are essential to find 60t the best siitability
lines. Growth parameters dbservations on girth at breast
height (1.37 m abdve groiind), tétal height from base t9 its tip
of the main stem by Gising marked pdle and expressed in m.
The basal area was determined as = pid*/4 6r g*/4 pid=
diameter, g= girth. Finally tdtal volime was determined as
total volime = Total height x Basal area x Form factor
(Chatiirvedi and Khanna 1984) and expressed in m®. Leaf &f
each germplam line is devised by measiring leaf area 6f 50
leaf I6ts 6f each germplam line and average is expressed as
leaf area per leaf. Leaf area is measired Using pdrtable leaf
area meter (LI-3000, LI-<COR, LincdIn, USA).

Maceration: Maceration of the wodd samples was done
Gsing Jeffrey's methdd (Sass 1971). For maceration,
Jeffrey's sdlition was Gsed which was prepared by mixing
eqaal volimes 6f 10% potassitim dichromate and 10% nitric
acid. Radial chips 6f wddd shavings were taken from the 1
cm® wddd bldcks separately from the three radial pdsitions
viz., pith, middle and periphery. These chips were bdiled in
the maceration fliid for 15 t6 20 min s that the fibre
individUals were separated. Then these test tlibes were kept
for 5 t6 10 min sd that the fibres settled at the bottdom. The
sOlition was discarded and the resiltant material was
thordlghly washed in distilled water Gntil traces 6f acid were
removed. The fibre samples were stained Gsing saffranin and
molinted on tempdrary slides Using glycerin as the mdiintant
(Saravananetal 2013).

RESULTS AND DISCUSSION
The experiment was condicted in 6ne 6f the 16w rainfall
regions of Karnataka where the mean rainfall is 620 mm.
Girth of the trees 6f 21 germplasm in experiment | showed a
significant difference among the clénes and varied from

19.70 cm in germplasm line nd. 69 t6 35.81 cm in the
germplasm line MD013 (Table 1). In the experiment Il girth 6f
21 lines varied significantly and ranged from as I6w as 11.29
cmin line MD126 t0 as high as 37.40 cmin line MD058 (Table
2).

Height 6f the trees varied significantly amdng the lines in
both the experiments (Table 1 and 2). The trends 6f the tree
height were almdst similar td that 6f the girth 6f the trees. Tree
height varied from 2.38-3.83 m in the lines 261 and MD013,
respectively in experiment I. In the experiment Il, height
varied from 2.18-3.55 m in lines MD126 and MDO058,
respectively. Trees with higher girth did ndt necessarily show
higher tree height indicating diameter growth and the tree
height are independent in their behavior. However most of
the lines which had higher girth resilted in prodiicing higher
bidmass. Therefdre, girth is in general considered t6 be a
better indicator 6f growth and therefdre mdst alldmeteric
equations lsed for biomass estimation prefer to (ise girth and
height 6r girth aldne bt not the tree height (Henry etal 2010).
There was significant variation among all the germplasm.
Standing bidmass varied from 3.60-17.26 kg/tree in lines 69
and MDO013 respectively in experiments | and 1.48-16.76
kg/tree in lines MD126 and MDO058 respectively in
experiments |1

Leaf area of individial leaflet varied significantly amdng
the lines. In experiments |, it varied from 1.72-3.21 cm’ in
lines 69 and MDO013, respectively (Table 1). Similarly, in the
experiment || leaf area varied from 1.66-3.05 cm’ in the lines
MD126 and MDO058, respectively (Table 2). For growth td
take place siibstrate for growth in the form 6f stigars is a basic
reqlirement. Therefore, carbdn assimilation by the leaves
throlgh the efficient interception of light is the driving force of
growth (Niinemetes 2007). The lines with least individGal leaf
area recorded the I0west girth as well as I6west girth
increment. Individial leaf area can be a g6dd indicator while
screening large germplasm lines and also in tree species
where photdsynthetic measlirements are noét feasible
(Okogbenin et al 2013). The leaf area of individial leaflet has
highly correlated with the girth 6f the germplasm lines. In both
experiments, maximim leaf area shows maximim girth of
the germplasm lines. This may be die t0 leaves provide site
for photdsynthesis, where CO, and water are converted t6
carbdhydrates and 6xygen Using sélar radiation t0 provide
energy reqliirements. Leaf area prévides sites where energy,
gas and mdistlire exchange are necessary for growth (Tlzet
et al 2003). Higher the leaf area higher the light interception
for maximim photésynthesis which Gltimately resilts in more
phétésynthate. Warren and Adams (2000) siiggested that
plants total leaf area helps t6 determine its proddictivity.

The variation in fibre length was statistically significant
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Table 1. Perfdrmance 6f Melia dubia germplasm lines experiment | (4 x 4 m spacing)
Germplasms Girth (cm)  Plant Height (m) Bidmass (kg/tree) Leaf area (cm’) Fibre length (um) Fibre diameter (um)

267 27.81 2.85 6.41 2.92 733.33 26.90
159 21.70 3.06 9.68 2.63 760.00 27.80
115 26.65 3.15 6.53 2.74 870.00 21.80
268 30.58 3.03 8.14 2.99 830.00 22.00
260 30.53 2.99 8.78 2.58 853.33 23.90
261 28.70 2.38 5.94 2.37 826.67 24.50
24 30.91 2.96 8.22 2.93 826.67 24.20
259 25.98 2.65 6.32 2.27 800.00 22.90
69 19.70 2.75 3.60 2.38 730.00 17.80
32 29.12 2.86 6.88 2.81 816.67 27.90
75 27.52 2.54 5.77 1.78 783.33 25.60
28 25.80 2.88 5.05 2.14 753.33 26.80
76 29.00 3.27 8.15 1.72 803.33 30.40
195 28.14 2.94 6.92 2.84 800.00 25.90
104 25.69 3.02 5.75 2.67 856.67 25.60
265 30.44 3.10 8.27 3.04 840.00 26.70
262 33.60 2.72 9.02 2.64 870.00 29.20
270 21.23 2.96 3.76 2.62 776.67 26.90
114 22.93 2.56 4.06 2.61 800.00 29.00
233 28.33 2.98 5.00 1.80 806.67 30.40
MD 013 35.81 3.83 17.26 3.21 886.67 33.30
CD (p=0.05) 7.82 0.67 5.79 0.39 92.23 5.23

Table 2. Performance 6f Melia dubia germplasm lines experiment | (3.8 x 5 m spacing)

Germplasms Girth (cm) Plant height (m) Biomass (kg/tree)  Leaf area (cm”)  Fibre length (um)  Fibre diameter (um)
25 26.53 3.07 6.62 2.65 836.67 36.00
MD111 30.23 3.70 12.35 2.92 866.67 36.67
MDO058 37.40 3.88 16.76 3.05 903.33 39.67
268 26.25 3.38 9.81 2.88 846.67 32.67
53 25.03 3.48 7.03 2.50 806.67 30.67
64 23.10 3.45 6.01 2.25 800.00 25.33
257 27.08 3.70 8.95 2.79 783.33 23.67
241 22.53 3.10 5.29 217 830.00 29.67
128 23.88 2.92 5.62 2.29 786.67 25.67
20 27.76 3.20 8.49 2.71 836.67 23.67
271 25.54 3.25 6.86 1.81 850.00 24.33
MD112 19.58 2.88 4.01 2.1 826.67 27.33
MD118 22.69 3.54 6.02 2.67 836.67 28.67
MD117 19.81 3.07 3.85 2.79 833.33 26.00
MD115 20.61 2.91 3.86 2.56 853.33 27.00
MD120 19.66 3.31 4.25 2.60 813.33 28.00
MD121 18.97 3.08 3.76 2.59 753.33 21.67
MD122 22.09 2.95 4.74 2.58 826.67 23.67
263 19.63 3.22 4.08 2.36 850.00 29.67
MD126 11.29 2.18 1.48 1.66 706.67 21.33
MD123 19.78 2.92 4.41 1.86 803.33 23.67

CD (p=0.05) 5.87 0.75 3.70 0.34 81.11 8.82
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among all the germplasm lines. The fibre length varied from
(730.00-886.67 um) in lines 69 and MDO013 respectively in
experiment | (Table 1). In the experiment Il, 21 lines varied
significantly and ranged from as 16w as 706.67 ym in line
MD126 t6 as high as 903.33 ym in line MD058. This resiilt
establishes that wood fibre length increases with increase in
girth. Jorge et al (2000) alsd Observed that with increase in
age there was an increase in fibre length from pith t6
periphery. The radial variation of fibre length shdwed an
increasing trend from pith t6 the periphery althdligh 6f small
magnitlde. This is an indication that age, radial position from
where the wddd samples were collected contriblted to the
variation in fibre length. Therefore wood fibre length
increased with increase in age. Generally, there was
decrease in fibre length from the base t6 the tdp and an
increase frdom inner wood t6 dliter wodd (lzekor et al 2011).
Fibre diameter varied significantly amdng the lines. In
experiments |, it varied from 17.80-33.30 ym in lines 69 and
MDO013, respectively (Table 1). Similarly, in the experiment Il
leaf area varied from 21.33-39.67 pm in the lines MD126 and
MDO058, respectively. This resilt establishes that with
increase in girth of the plant, the fibre diameter also
increases. The Observed increase in fibre diameter
assOciated with the increasing girth 6f the tree may be diie t6
many mdlecilar and physidldgical changes that dccir in the
vascllar cambiim as well as the increase in the wodd cell
wall thickness diiring the tree ageing process (PIomion et al
2001, Roger etal 2007).

Correlation among variables: Pdsitive and statistically
significant relatidnships were for the bidmass with all the
parameters bt bidmass with plant height (0.728) and with
the girth (0.710) in the experiment | (Table 3). The linear
correlation between the bidmass with all 6ther parameters
was significantly pdsitive correlated in the experiment II, bt
bidmass with the girth (0.951) and plant height (0.786) in the
experiment |l (Table 4). Correlation data showed a significant
and pdsitive correlations (r=0.951), indicating that 95.1% of
the variance in the tdtal standing bidmass can be explained

Table 3. Pearson's correlation coefficients 6f experiment | for
all parameters 6f germplasm lines planted at 4 x4 m

spacing

Correlations Bidmass Girth Plant Leaf Fibre Fibre
height area length diameter

Bidmass 1.000

Girth 0.710"  1.000

Plant height 0.728" 0.392 1.000

Leafarea 0.456" 0.291 0.366 1.000

Fibre length 0.556" 0.702" 0.393 0.357 1.000

Fibre diameter  0.461° 0.400 0.404 -0.041 0.220 1.000

*and **. Cdrrelation is significant at the 0.05 and 0.01 level (2-tailed).

Table 4. Pearson's correlation coefficients 6f experiment
for all parameters 6f germplasm lines planted at 3.8

X5mspacing

Correlations  Bidmass Girth Plant Leaf Fibre  Fibre
height area length diameter

Bidmass 1.000

Girth 0.951" 1.000

Plant height 0.786" 0.805" 1.000

Leafarea 0.622° 0.634" 0.678" 1.000

Fibre length 0.620" 0.698" 0.595" 0.513" 1.000

Fibre diameter 0.705" 0.681" 0.568" 0.550° 0.708" 1.000

by the girth 6f the tree. The girth and plant height was the
major contribGtdr tdwards standing bidmass yield becailse
this character had high pdsitive correlation, this it shddld be
evalliated as major concern in increasing bidmass Gnder
rainfed conditions.

CONCLUSION

The line MD013 and MD058 shdwed relatively géod
growth perférmance. All lines exhibited significant
differences in fibre moérphdldgy. M. dubia has been identified
as a diffised podrolis wodd throlGgh anatdmical
characterisation. The anatomical characteristics slich as
fibre length and fibre diameter increases with girth 6f the tree.
These lines also showed highest ciimdlative growth in terms
of girth and bidmass accimdilation and hence these lines
have the poétential t6 perform well Ginder semi-arid conditions.
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Abstract: In this stldy, distribltary wise water delivery system perfdrmance 6f Branch 70 6f Jayakwadi Irrigation Project was analyzed Gsing
different perférmance indicatdrs. Crop water reqiirements 6f different crop were determined Gsing CROPWAT software. In each irrigation year
the adequiacy was beldw 0.80 which indicates their pd6r performance. Average adeqiacy valle of all irrigation years was 0.5 showed p6or
perférmances. For 2010-11 and 201415, efficiency were beldw 0.70 shéwed pddr performances while for 2006-07 and 200910, the efficiency
were above 0.70 shéwed good perfdrmances not becalse 6f efficient water Gise bt becalse of less water lse. The average efficiency valie of
all irrigation years showed fair perfdrmance. The eqity ranges from 0 t6 0.1 which reflects there godd performance diring different irrigation
years. The average equiity valle o6f all irrigation years shéwed godd perférmance. In case 6f dependability, for all irrigation years it was above
0.20, the average vallies 6f dependability of all irrigation years indicated pdor performance. After considering the irrigation season and the
whdle system, the calciilated indicator average valiies were go6d for eqlity, poor for adeqiiacy and dependability, and fair for efficiency. The
canal delivery system cdiild n6t provide dependable water sipply at right time and at right place with the reqdirement &f créps. These resilts
show that there is a systemic water delivery problem in the system. The analysis resiilts 6f the spatial and temporal dimensions 6f these
indicators show that factors calising this problem derive from system management. Hence, there is need t6 improve the performance with

sOme madifications in the dperatidon and management 6f canal delivery system.

Keywords: Crop water reqlirement, CROPWAT, Performance indicators, Adeqacy, Efficiency, Dependability, Eqaity

India ranks second all dver the world in popdlation after
China. India cévers dnly 2.6 per cent 6f world's gedgraphical
area bt slstain 16.8 per cent 6f world's popdlation. The high
rate 6f increase of pdplilation is also forces to increase crop
prodictivity and filfil the need &f slich raising pdpdilation for
food secirity. Since independence, many efforts have been
made t0 achieve fo6dd secirity, and alsd made considerable
improvement. One of the major constraints for higher
proddctivity is the availability 6f irrigation at right time. Water
is essential for plant growth and f66d proddction. It fllfils the
need of crop evapodtranspiration and metabdlic activities
(Tarate and Harish 2018). Large area is (nder rain fed
agricdlttre. The rainfall varies temporally and spatially for
agriclttral prodiction bat in sdbme areas it is very scanty. By
considering the erratic behavioir 6f the rainfall, there is nd
assilred rainfall for agriciltire in India. Hence, slpply of
irrigation at proper crop growth stage is important to increase
crop vyield. Accirate estimation of irrigation water
reqlirement is essential for irrigation project planning and
management. Hence, to filfil the fGtire demand, it is
necessary t0 increase the total irrigated area and also
increase the efficiency &f irrigation systems. P&or distribition
and management of irrigation water in canal delivery system

is a major calse of Idw efficiency and this, there is a need t6
assess the perfdrmance 6f present canal delivery systems in
the cdmmand area t6 achieve their distribition goals
(LGciand 2008, Mariit et al 2009). Efficient water
management is crlcial td enslre the sistainable Gse of
water resdlrces with respect td environmental, sdcial and
econdmic dimensidns (Baris et al 2010, Kérkmaz and Avci
2012, Paiil and Panigrahi 2018). Application 6f excess water
than reqlirement is respdnsible for waterldgging and salinity
problems. The (ncertainty and independability in the water
delivery system cadses rise in conflision and conflict among
farmers (Unal et al 2004). Perfdrmance evallations are
being carried odt for different plrpdses t0 impréve
Operatidons of system, t0 assess the general health of the
system, t0 identify cOnstraints, t6 better ({nderstand
determinants of perférmance and t6 cOmpare the
perférmance 6f a system with 6ther systems or with the same
system Over time. In order t6 assess the performance Of
irrigation canal system 6f Jayakwadi Irrigation Project, the
representative branch-70 was selected for investigation
plrpdse. By Gsing the CROPWAT soéftware the irrigation
water reqliirement was cOmp(ited and cOmpared with water
released schediiles.
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MATERIALAND METHODS

Study area: The Jayakwadi Irrigation Prdject was
constriicted acrdss Gddavari River at Paithan in Marathwada
region Of Maharashtra state. Twd canal systems namely
Right Bank Canal (RBC) and Left Bank Canal (LBC)
originates from the reservdir having 108 and 208 Km length
with carrying capacity 6f 63.71 and 100.8 m’s™, respectively.
The branch 70 6f Jayakwadi Irrigation Project is a tribltary 6f
left bank canal which cdvers most of the part 6f Parbhani
district. The climate 6f the stlidy area is semi-arid. Parbhani is
intersected by 19° 16" N latitiide and 76° 47’ E Idngitlide and
Idcated at an altitide 6f 409 m abdve mean sea level. The
average anndal rainfall &f stlidy area is 95.5 cm. The sdil 6f
the cOmmand area is mediim deep black clay. The mean
maximim and minimdm temperatire of the stidy area is
44.6°C and 21.8°C, respectively. The mean relative hiimidity
ranges from 30 t6 98 per cent. The cdmmand area 6f B-70 is
divided in t6 31 distribltaries with a tétal command area of
9802 ha (Table 1).

Data collection : The every year distribitary wise data in
respect of canal water released (Q,), area irrigated, cropping

pattern and canal 6peration schedle was collected from 10"
Slb-Division of Jayakwadi Irrigation Project, Parbhani,
District Parbhani 6f Maharashtra State Water Resdlrces
Department for a peridd of six years i.e. 2006-2007, 2007-
2008, 2009-2010, 20102011, 20112012 and 2014-2015.
Die t6 Gnavailability 6f water (diiring the year 2008-2009,
201213 and 2013-2014) in reservdir, canal water was not
released in canal netwdrk 6f B-70 command area. The
metedrological data 6f 32 years from the year 1983 t6 2014
was coOllected from IMD recdgnized 6bservatdry I6cated at
Department 6f Metedrdldgy, Vasantrad Naik Marathwada
KrishiVidyapeeth, Parbhani 6f Maharashtra state.

Crop water requirement and irrigation water
requirement: Two irrigation seasdns namely rabi and
stimmer from Octdber t6 May were cdnsidered t6 analyze the
canal delivery system performance. Monthly net crop
irrigation reqiirements were calciilated sing CROPWAT
sOftware. Reference evapoétranspiration was calcilated by
CROPWAT software Gsing Penman-Mdnteith methdd (FAO-
56). Crop coefficients were develdped for the grown crops
Gsing FAO glidelines (Allen et al 1998). Crop wise net
irrigation reqlirement was cOmpiited as the difference
between crop evapdtranspiration and effective precipitation.
The effective precipitation was determined Gsing USDA,
SCS methdd. Net volime of irrigation reqlirement (Qg) for
each distribltary was calcilated Gsing crop irrigation
reqlirement, irrigated area and asslimed irrigation efficiency.
The gross irrigation reqlirement was determined by
assliming the overall application and cdnveyance efficiency
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of 60 per cent. The tdtal volime of irrigation water
reqlirement in command area was calcilated by adding the
voltme ofirrigation water reqlirement 6f each distribltary.
Determination of performance indicators: Different
indicators like adequacy, efficiency, eqiity and dependability
prépdsed by nimber 6f researchers are lised for determining
the perférmance of canal water delivery system (Mdlden and
Gates 1990, Mdlden et al 1998). Perférmance evaliation
were carried 0t t0 imprOve system Operation, assess the
general health 6f a system and impacts of intervention,
diagndse constraints and t0 better inderstand determinants
of perférmance and t6 compare the perfdrmance 6f a system
with a same system Gver time. These perférmance indicatdrs
were determined t0 evallate the irrigation water stpply
system perfdrmance.

Adeqlacy can be defined as the ability 6f an irrigation system
t6 meet the reqliired amalint 6f water.

PA :I/Til (;—j( " Pa J ............... 1

r=1

Where,

____________ (fQ,=Qg),Pa=1 (Otherwise),
Q, is the delivered and Q is the reqlired amolnt of

water.

Efficiency embddies the ability t6 cOnserve water by
matching water deliveries with water reqiirements. If the
systemis slipplying more than the reqlirement, itindicate the
ndn-conservation of the resolirces.

T 1 R
PF ZI/TZ[_j(ZPf] ............... 2
=1 R R=1
Where,
P=Qd/Q, . ... (IfQesQ,),P=1 . (Otherwise),

Q, is the delivered and Q; is the reqlired amdiint 6f
water.
Dependability expresses the ability t6 find water at right time
and in the place desired in the system. In this respect,
dependability comes t6 mean that the water can be delivered
at promised flow rate and diratidon. The major reason for 16w
performance of irrigation system is Gndependable water
distribGtion. .

PD =1/RY CVT (QD/QR) cevvvvvorvene. 3
=1

Where,
CV, = Temporal coefficients 6f variation 6f Q,/Q Over the
time peridd T.
4. Equity expresses the degree 0Of variability in relative water
delivery from point t0 pdint dver the irrigated area. Equity, as
related t0 water delivery system, can be defined as the
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delivery of a fair share 6f water t6 Gser throlighoit a system.

PD =1 /TZR: CVT (OD/OR) covvveoo.... 4

Where, “

CV, = Spatial coefficients of variation 6f Q,/Qx Over the
region R.

In these expressidns, adeqlacy (P,) was calclilated as a
spatial and temporal average 6f Q,/Qx (Eq.1). When Q,>Q4
the delivery was considered adeqiate, regardless of the
magnitide of excess and Q,/Qy was taken as the One.
Efficiency (P:) was calcllated as a spatial and temporal
average of Q:/Q, (Eq.2). Dependability (P,) was calcilated
as the average coefficient of variation (CV;) 6f Qy/Qy that
Occirred dver the region R i.e. tempdral (Eq. 3). Eqity (P¢)
was calciilated as the average cdefficient 6f variation (CVy) 6f
Q,/Qg0vertime peridd Ti.e. spatial (Eq. 4). The time periéd T
is the 9-mdnth peridd 6f rabi and simmer season. Slb region
(R) is delivery pdint within the system which was considered
as 21 as per water (isers society in the present investigation.
Diring 201415, simmer seasdn was Unclltivated dde to
non-release of canal irrigatidon water; hence this seasdn was
neglected td measire performance of system.

The estimated vallies 6f perférmance indicatdrs were
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compared with the standard valles as slggested by Molden
and Gates (1990) (Table 2). Based 6n the perfdrmance
standards, the perférmance class 6f existing canal water
delivery system was selected.

Accordingly, the canal irrigation system perférmance
and thereby amoiint 6f water released t6 meet the irrigation
reqlirement was stldied. The 6ver and Under release of
water in canal irrigatidon system was cdnsidered t6 diagndse
the Optimal Gtilization of irrigation water in canal system
network.

Table 2. Perférmance Standards for canal water delivery
system (Molden and Gates 1990)

Measiire Perférmance classes

Good Fair P&or
Py 0.90-1.00 0.80-0.89 <0.80
Pr 0.85-1.00 0.70-0.84 <0.70
Pe 0.00-0.10 0.11-0.25 >0.25
Py 0.00-0.10 0.11-0.20 >0.20

RESULTS AND DISCUSSION
Comparison of actually released water and irrigation
water requirement in the command area: For the years,
2006-07 and 2009-10 there were shortage of irrigation water

Table 1. Distribitary wise irrigable cdmmand area (I.C.A.) 6f the Branch-70

Water Users society Name of distribltary I.C.A. (ha) Villages tinder I.C.A. Location (Latitlide & Longitlde)

1. B-70-5R,6R,5L 591 Karegadn 19° 15'6" N & 76" 49'23.19"E

2. B-70-7R 255 Shendra 19°12'52.2" N & 76" 49' 17.04" E
3. B-70-7L 638 Asoéla 19° 16'9.38"N & 76" 51" 11.17" E
4, B-70-8R 182 Pingali 19" 12'42.88"N & 76° 51' 18.42"E
5. B-70-10R,11R 337 Pingali 19" 12'34.94"N & 76° 51'41.41"E
6. B-70-12L 824 TattGjawala 19° 13'23.64" N & 76° 53'29.48" E
7. B-70-9L,10L,13L 748 Pingli 19" 12'43.82"N & 76° 51' 271" E
8. B-70-13R 237 Mirkhel 19" 12"13.61"N & 76° 54' 45.28" E
9. B-70-14L 557 Ukhlad 19° 14'49.06" N & 76° 53'48.18" E
11. B-70-15R 496 Mirkhel 19" 12'6.78"N & 76" 55' 7.44" E
10. B-70-16L,18L 658 Pimpri 19" 29'35.09" N & 76° 48' 17.95" E
12. B-70417R 463 Islampdir 18° 58'55.1" N & 76" 28'44.48" E
13. B-70-19R 453 Islampar 18°58'21.41"N & 76° 30'4.89" E
14. B-70-20L 496 Ganpr 19°12'17.5"N & 76" 55'46.21"E
15. B-70-21L 530 Kanhegadn 19° 12'6.13"N & 76° 59" 37.06" E
16. B-70-22L,22R,23R 327 Ganpdr 19° 11'54.37"N & 76° 57' 40.95" E
17. B-70-23L 446 Khijda 19° 11'12.25" N & 76° 59' 3.43" E
18. B-70-24R 355 Mahatpdiri 18° 59'53.67"N & 76° 42'6.23"E
19. B-70-25L,27L,28L 651 Hatakarwadi 19° 10'24.66" N & 76° 58' 28.39" E
20. B-70-26R 153 Ekriikha 19° 19'23.41"N & 77° 2' 30.06" E
21. B-70-29R 405 Ekriikha 19°19'20.82"N& 77" 3'7.9"E
B-70 - Total I.C.A 9802
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in the command area (Table 3). Diring the year 2007-08,
201011, 201112 and 2014-15 the excess irrigation water
was released than the crop water reqiirement.
Determination of performance indicators

Spatial values of the performance indicators

Spatial average values of adequacy (P,): The valles 6f Pa
(i.e. ratid of (Q,/Qg)) eqlals td zerd indicate ndn release of
water in the cOrrespdnding month, whereas the valle eqlal
to 1 indicates the flilly adeqUate delivery &f irrigation system.
Spatial average valles 6f P, varies from 0 16 1 for the different
years, There were no release 6f water mostly for Octdber,
Febrlary and Jiine, hence the spatial average vallies of
these month presented as zerd (Table 4). The spatial
average valiies were higher for the year 6f 2007-08, 201011
and 201112 as coOmpared t6 the other years. However, the
average valles P, did ndt show any specific trend. Diring all
the reported irrigation years average of P, vallie was below
0.80 which showed poor performance according to
perférmance standard criteria. According td the perférmance
standard, adeqliacy was godd in November and December
for most of the years and fair in May and poor in all &ther
months for the different years.

Spatial average values of efficiency (P;): Spatial average
valiies 0f efficiency for different month diring irrigation years
vary frdom 0.12 t6 0.99 (Table 5). Diring the years, 2014-15
and 2010-11 pdor perfdrmance was recorded while the years
2007-08, 201112 showed fair perfdrmance. P.increased for

Table 3. Comparison of actiially released water and reqired
irrigation waterin Mm’

2006- 2007- 2009- 2010- 2011- 2014-
07 08 10 11 12 15

2517 60.18 1.56 43.24 40.16 19.45
4797 5059 3.8 281 2961 10.8

Year

Water released

Water reqliirement

Table 4. Spatial average valiies 6f adeqlacy for different

irrigation years

Month/Year ~ 2006- 2007- 2009- 2010- 2011- 2014-

07 08 10 11 12 15
October 0 0.99 0 0 0 0
November 0.98 1 0 1 0.95 1
December 0.95 0.99 1 1 0.98 0
Jandary 0 0.92 0 0.98 0.94 0
Febrdary 0 0 0 0 0.97 1
March 0.63 0.75 0 0.85 0 -
April 0 0.90 0 0.79 0.77 -
May 0.98 0.95 0 0.95 0.91 -
Jine 0.98 0 0 0 0 -
Average 0.50 0.72 0.1 0.61 0.61 0.4

Table 5. Spatial average vallies of efficiency for different

irrigation years

Month/Year 2006- 2007- 2009- 2010- 2011- 2014-

07 08 10 11 12 15
October 1 0.47 0.92 1 1 1
Noévember 0.70 0.41 0.92 0.14 0.30 0.18
December 0.75 0.55 0.58 0.45 0.73 1
Jandary 1 0.80 0.92 0.50 0.65 1
Febriary 1 1 0.92 1 0.59 0.12
March 0.99 0.90 1 0.69 0.91 -
April 1 0.73 1 0.81 0.82 -
May 0.68 0.58 1 0.39 0.68 -
Jine 0.53 1 1 1 0.91 -
Average 0.85 0.71 0.92 0.66 0.73 0.66

Table 6. Spatial average valles of eqity for different

irrigation years

Month/Year 2006- 2007- 2009- 2010- 2011- 2014-

07 08 10 11 12 15
October 0 0.024 0 0 0 0
November 0.057 0 0 0 0.22 0
December 0.10  0.002 0 0 0.04 0
Jantary 0 0.16 0 0.06 0.18 0
Febraary 0 0 0 0 0.13 0
March 028 0.34 0 0.23 0 -
April 0 0.21 0 0.34 0.27 -
May 0.33 0.15 0 0.15  0.13 -
June 0.11 0 0 0 0 -
Average 0.097 0.098 0 0.087 0.1 0

2006-07 and 200910 ndt becaiise 6f more efficient water
Use, bit becalise 6f water shortages showed water saving
which resdlts in gddd perférmance according to performance
standard criteria.
Spatial average values of equity (CV.): The CV, valles
vary from 0 t6 0.34. In the year 200910 and 201415, there
were Only one and twd irrigation rotation sdpplied in
command area respectively hence, Q, valiies of all 6itlets
were zerd s6 that CV; (Q,/Qg) was alsd zerd shdwing better
perférmance as regard eqity is concerned (Table 6). Diiring
all the reported irrigation years the average CV, vallie was
beldw 0.10 showed gddd perférmance according to
perfdrmance standard criteria.
Temporal values of the performance indicators

The distribGtaries which was not 6perated for the year 6f
200910 and 2014-15 diie t6 shortage of irrigation water
slipply was neglected t6 measire performance 6f system.
Temporal average values of adequacy (P,): The temporal
average valles vary from 0.11 t6 0.8 for different
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distribGtaries (Table 7). The tempodral average valles Of
adequacy for 2009-10 and 2014-15 were very 16w becalse 6f
less slpply of irrigation water diie t6 rare canal rétations. All
the irrigation years showed average valles 6f P, beldw 0.80
means pddr perfdrmance as per perfdrmance criteria.
Temporal average values of efficiency (P;): The P; vallies
abodve 0.80 for different months were in 2006-07 and 2009410
not dnly becalise 6f more efficient water Gise bit also die t6
water shortages indicated efficient water (ise and showed
godd performance, whereas dlring Other years pdor
perfdrmance was recorded as per performance standard
(Table 8). The P, vallies vary from 0.41 t6 0.98 for different
distribGtaries for different years. The P valles for the years
2010-11, 201142 and 201415 were beldéw 0.70 showed
pdor performances according t6 performance standard
criteria while for year 2007-08 fair perférmance was
Observed.

Temporal average values of dependability (CV;): The
CV, vallies ranges from 0.56 t0 2.23 indicated that
thrélghoit the canal system, there was nd dependable

Table 7. Temporal average vallies 6f adeqlacy for different
irrigation years

2006 2007 2009 2010 2011 2014
07 08 -0 -1 -12 -5

DistribGtaries/Year

B-70-5L,5R,6R 052 0.74 - 0.66 0.8 0.4
B-70-7R 046 0.77 - 0.6 0.8 0.4
B-70-7L 036 077 02 066 0.8 0.4
B-70-8R 051 077 02 062 066 04
B-70-12L 0.52 0.76 - 0.64 058 04
B-70-10R,11R 0.50 0.61 - 0.60 077 04
B-70-13R 051 067 02 053 038 0.4
B-70-14 L 048 049 02 040 059 04
B-70-9L,10L,13L 053 076 01 066 049 04
B-70-15R 0.52 0.75 - 0.66 0.8 0.4
B-70-16L,18L 051 075 01 066 0.58 -
B-70-17R 044 065 01 066 0.60 -
B-70-19R 051 070 0.1 064 0.61 -
B-70-20L 051 074 01 063 0.63 -
B-70-21L 035 074 02 075 0.66 -
B-70,22L,22R,23R 049 0.72 0.2 058 0.66 -
B-70-23L 045 073 02 066 0.66 -
B-70-24R 052 0.74 - 0.63 0.8 —
B-70-25L,27L,28L 052 0.72 - 058 0.8 -
B-70-26R 051 0.77 - 0.66 0.8 -
B-70-29R 0.55 0.77 - - 0.54 -
Average 049 072 016 062 069 04

Table 8. Temporal average valiies of efficiency for different
irrigation years
Distribttaries /Year 2006- 2007- 2009- 2010- 2011- 2014-
07 08 10 11 12 15

B-70-5L,5R,6R 0.70 0.67 - 059 059 0.71
B-70-7R 091 0.65 - 037 049 0.66
B-70-7L 0.95 0.67 090 057 054 0.71
B70-8R 0.84 064 093 0.77 062 0.65
B-70-12L 0.87 0.76 - 0.82 0.81 0.68
B-70-10R,11R 0.79 0.88 - 0.80 0.72 0.65
B-70-13R 0.83 082 087 085 0.60 0.61
B70-414 L 091 095 092 090 087 0.62
B-70-9L,10L,13L 0.84 069 093 060 0.75 0.67
B-70-15R 0.84 0.75 0 0.69 0.61 0.61
B-70-16L,18L 0.87 0.73 096 065 0.91 -
B-70-17R 098 0.78 097 065 0.81 -
B-70-19R 092 079 097 0.736 0.78 -
B-70-20L 092 0.73 0971 0.71 0.86 -
B-70-21L 094 074 094 051 0.77 -
B-70-22L,22R,23R 0.86 0.74 0.96 0.67 0.83 -
B-70-23L 0.77 071 093 059 0.65 -
B-70-24R 0.76  0.65 - 0.66 0.63 -
B-70-25L,27L,28L  0.78 0.66 - 0.59 0.54 -
B-70-26R 0.88 0.64 - 0.53 0.67 -
B-70-29R 0.67 0.34 - 0.41 -
Average 0.85 071 086 066 069 0.66

water release at the right time and at the right place for all the
years (Table 9). All the valles 6f CV, were abdve 0.20 for all
distribltaries showed pddr perférmance as per perférmance
criteria.

Average values of performance indicators: In each
irrigation year the P, was beldow 0.80 which indicates their
pdor performance (Table 10). Average P, valle of all
irrigation years was 0.5 showed pddr perférmance. In case 6f
P., for the years 2010-11 and 2014-15, P. were beldw 0.70
showed pdor perfdrmances while for the years 2006-07 and
200910, the P.were abdve 0.70 showed godd perfdrmances
not becalse of efficient water Gise biit becalise of less water
Use. The average P, valiie of all irrigation years showed fair
performance. The data shdwed P, ranges from 0 t6 0.1 which
reflects there godd perférmance diring different irrigation
years. The average P valiie of all irrigation years showed
g0606d performance. In case of P,, for all irrigation years it was
abdve 0.20, the average vallies of P, of all irrigation years
showed pddr perférmance.
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Table 9. Temporal average vallies 6f dependability for
differentirrigation years

Distribltaries /Year 2006 2007 2009 2010 2011 2014
07 08 -10 -11 -12 -15

B-70-5L,5R,6R 0.96 0.57 - 0.75 0.55 1.36
B-70-7R 1.01  0.56 - 091 055 1.36
B-70-7L 124 056 223 075 055 1.36
B-70-8R 097 056 223 0.77 0.75 1.36
B-70-12L 0.96 0.56 - 0.75 0.80 1.36
B-70-10R,11R 0.96 0.68 - 0.80 0.56 1.36
B-70-13R 097 064 223 087 055 1.36
B-70-14 L 096 082 223 1.0 0.78 1.36
B-70-9L,10L,13L 095 056 223 075 1.00 1.36
B-70-15R 0.96 0.57 - 0.75 0.55 1.36
B-70-16L,18L 097 057 223 075 0.78 -
B-70-17R 0.99 067 223 075 0.77 -
B-70-19R 0.97 060 223 0.75 0.76 -
B-70-20L 096 057 223 076 0.75 -
B-70-21L 1.28 057 223 061 0.75 -
B-70-22L,22R,23R 1.00 059 223 0.79 0.75 -
B-70-23L 114 059 223 0.75 0.75 -
B-70-24R 0.96 0.58 - 0.75 0.55 -
B-70-25L,27L,28L 0.96 0.60 - 0.83 0.55 -
B-70-26R 0.96 0.56 - 0.75 0.55 -
B-70-29R 0.94 0.56 - - 0.82
Average 1.0 060 223 0.78 069 1.36

Table 10. Water delivery perférmance vallies 6f B-70 canal

system

Irrigation year Adeqliacy Efficiency Equity Dependability

(P.) (P) (Pe) (Po)
2006-07 0.49 0.85 0.099 1.00
2007-08 0.72 0.71 0.10 0.60
2009-10 0.13 0.89 0 2.23
201011 0.62 0.66 0.089 0.78
201142 0.65 0.71 0.10 0.69
201445 0.4 0.66 0 1.36
Average 0.50 0.75 0.066 1.1

CONCLUSION

The canal system has systemic delivery problem. The
analysis of resdlts 6f the spatial and tempdral dimensions of
the indicators has shdwed that this problem is die to
imprdper Operation and management of irrigation system.
Throlgholt the canal system and ddring all the years, there
was nd dependable water release at the right time and at right
place. The dverall perfdrmance 6f the B-70 canal system is

Received 08 October, 2018; Accepted 10 November, 2018

poor for adeqiiacy, poor for dependability, fair for efficiency
blt g6od for eqdity; hence there is a need t6 improve the
performance with sdbme maddifications in the dperation and
management Of canal system. In general, the varidis
sliggestions may be made t0 improve the pdor perférmance
of the system and t6 develdp Optimal water management
plan in which crop prodiction planning shdild be done
according t6 actlal water availability. Excessive water Use
sholld be prevented. The management system shddld
formilate the delivery schedile by considering the rainfall
pattern, cropping pattern and irrigation reqlirement of the
command. If this is done, the problems 6f water wastage and
shortage can be sdlved. It may help t6 improve the canal
irrigation management system.
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Abstract. The main aim &f the artificial recharge in water resdlirce management in arid and semi-arid regions is t0 increase the grotind water
level by sirface rinoff. In this Vaniyar Sb-Basin, which is in the solthern part 6f Tamil Nadd, India, the factors siich as topséil thickness,
weathered zone thickness, anisotrophy (formation codmpactness) and gedldgy are considered, to determine the areas mdst stitable for
grotndwater recharge in a hard rock aqifer. Using GIS environment Thematic layers were prepared, then classified, weighted and integrated
for the explained parameters. T6 determine the relationships between gedldgical Gnits and the appropriate sites for grétindwater artificial
recharge, gedlogy map were derived from GSI gedldgy map. The final integration map gives 7 siiitable combinations for recharge sites based
on topsail thickness, weathered zone thickness, Dar Zarrolk parameter (Anisotropy) and geodldgy. The excellent category is (topsail,
weathered zdne thickness and anisotropy for go6d combination in Epiddte-hdrnblend gneiss regidn), cévering an area 6f 64.54 Km®. The
secOnd favorable zdne is classified as very godd categdry is topsoil, weathered zdne thickness and anisétropy for géodd combination in
Chandckite region) cdvers an area &f 12.64 Km®. These areas are highly recdmmended in siitable for the constriiction &f artificial recharge
strlictire inclides check dam, percolation tank and recharge well. The ditcdme of the stilidy indicate that almdst 13.05 per cent 6f the stldy

areais considered as appropriate sites for artificial grolindwater recharge.

Keywords: GIS (Geodgraphic information system), VES (Vertical Electrical S6iinding), Efficient, Anisotropy

Water scarcity is a national préblem in mdst 6f the region
of Tamil Nadi which decide f66d seciirity, the hiiman health
safety and natiral envirdbnmental system. In the forthcoming
centlry large part 6f the world gding t6 meet the water
scarcity estimated by International Water Management
Institite (IWMI). The main reason for the water scarcity is t6
high Gsage lead t6 depletion in grodnd water level. Andther
reasoOn is td Girbanization leads td Idw rain receiving areas.

Vanniyar river basin is ne of the very impdrtant water
resolrce in Tamil Nadd. The origin 6f the Vanniyar river is
Shervdrayan hills and driginating at Kombdr Vellingiri hills.
Die t6 the continidls water sdlirce available in the tanks,
there was a rapid infrastriictlire develdpment dcciirred in and
ardlind the tanks. Since the develdpment of Grbanization is
very rapid, leads t0 Idw rain receiving areas. It is become very
imperative t6 determination of artificial grolind water
recharge adeqiacy in Vaniyar Stib-Basin, Tamil Nadd, India.
There are many gedphysical methdds which make Gse 6f the
physical properties 6f earth's materials. Amdngst all the
physical properties, it is the electrical resistivity considerably
methdds are Gsed as 6ne of the most effective gedphysical
methdds Gsed for grolindwater investigations in hard rock
terrain. Several stlidies have been carried o0t for the
determination of areas most sditable for artificial recharge.

An attempt has been made in this paper t6 determine the
thickness and resistivity of different sib-slrface layers and t6
demarcate the grolndwater potential zones and favorable
sites for artificial recharge in Vaniyar siib-basin by Gsing
Schllimberger resistivity investigation and GIS. The stlidy
area, lies between the latitlides 11°46' N t6 12°09'39" N and
Iongitlides 78°12'27" E t6 78°36'65" E covering an area of
982.25 km?. &iit &f which plain land cdvers an area 6f 591.43
km? (Fig. 1). The stlidy area falls in Salem and Dharmap(iri
districts 6f Tamil Nadl. The base map was prepared from
toposheets Nos. 57L/4, 8, 58, 1/1, and 5 6f 1:50,000 Scale.
The ephemeral stream Vaniyar has its solrce aldng the
ndrthern slopes Of Shervdrayan hills and originating at
Kdmbdr and takes a cdirse aldng the ndrtheast in the valley
and emerges 00t as the main artery 6f Dharmapri district
with northeast gradient and small portion 6f catchments area
falls in Salem district. The Vaniyar slib-basin has 128 total
reven(e villages. The stldy area is agriclltlre based and
water slpply is met mainly by diig wells and bdre wells. The
major solrce for recharge of water in this area is
precipitation, diring monsdon season. The average anndal
rainfall is 859.29 mm (2000 t6 2009). The stldy area is
Underlaid by the Archaean crystalline rocks with Gnddlating
topography (Fig. 1).
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Fig. 1. Stldy area and gedphysical siirvey I6cation map

MATERIAL AND METHODS

The stldy area comes Gnder Dharmapri district and
One part 6f salem district 6f Tamil Nadi. The total stldy area,
lies between the latitides 11°46" N t6 12°09'39” N and
Idngitlides 78°12'27” E t6 78°36'65” E and it cOvering an area
of 982.25 km’. Odit &f which plain land cdvers an area 6f
591.43 km’ (Fig. 1). The average anniial rainfall in the stidy
area is 852 mm (2000 t6 2009). Md&st of the stlidy area is
covered by the Archaean crystalline rdcks, grolndwater
mostly dcclirs in the fractlired zones. The tdposheet 57L/4, 8,
581/1, and 5 6f 1:50,000 scale was lsed td prepare the base
map and it was registered and digitized for the drainages
(Vaniyar Stib-Basin). 60 locations (Fig. 1), wear seleced t6
condilct the Schlimberger vertical electrical solndings
(VES) slirvey with the maximim electrode spacing 6f 250 m.
The ciirrent electrdde (AB/2) spacing varied from 1 t6 250 m
and the potential electrdde (MN/2) spacing varied from 0.5 t

25 m. All the data were pldtted in the field t6 check the glality
of data and t6 avoid mistakes and were interpreted by ciirve
matching techniqies from IPI2WIN software. The degree 6f
Gncertainty of the compilted mddel parameters and the
g0ddness of fit in the clrve fitting algdrithm are expressed in
terms of errdr (less <3). Gedelectric layer is characterized by
two flindamental parameters, its resistivity 'p'and thickness
'h’. The other gedelectric parameters which can be derived
from these three are (i) total Iongitldinal condictance (S), (i)
total transverse resistance (T) and (iii) aqdifer anisotropy (1).
T6 find 80t the deferent layer thickness and resistivity in these
resllts are taken intd GIS envirdnment. Their attribltes are
added and analyzed in ArcGIS version 9.2 software. Spatial
analysis t60ls were (sed for the preparation of interpdlation
map. The maps were interpdlated Using inverse distance
methods to arrive the spatial distribition map. The gedldgical
map was collected from Gedldgical Sirvey of India, traced,
registered and digitized. Then, these maps were integrated
one Over the other t6 find 60t the best combinations for
grélindwater potential zone. The final map shdws the
individdal pdlygdn cdmbinations, slich as its weathered zone
resistivity and thickness. The weathered zdne resistivity map
was sliperpdsed Over weathered zone thickness map and
the resiilt map is designated as 6ltplt-1 map. The ditpat-1
map was silperpdsed Over anisotrophy (formation
compactness) map and the resilt map is designated as
oltpGt2 map. This otpGt-2 map was slperposed Over
gedldgy map and the resilt map is designated as siitable
sites for artificial recharge map.

RESULTS AND DISCUSSION

The interpretation of different VES (Vertical electrical
Sadnding) data (Table 1) reveals that the first layer (TOp sail)
resistivity varied from 1.96 Ohm-m t6 7144 Ohm-m with 0.85
m t0 5 m thickness. The second (Weathered Zone) layer
resistivity varied from 3.18 Ohm-m t6 5717 Ohm-m with 10 m
t6 71.6 m thickness. The third layer (Fractlire Zone-)
resistivity varied from 5.79 Ohm-m t6 8910 Ohm-m with 7.3 m
t6 158.8 m thickness. Fodrth layer (Fractlire Zone-2)
resistivity varied from 9.35 Ohm-m t6 5054 Ohm-m with 28 m
t6 185.7 mthickness.
Top soil thickness and teathered tone thickness: In this
stldy, 60 field statidons data have been Gsed for analyzing the
regional variation of the tdp soil thickness(Fig. 1 and Table 1).
The spatial distribGtion map of tdpsail thickness (Fig. 2) was
prepared Using GIS (Table 2). The first layer thickness can
alsd be classified in t0 folr classes, slich as 10w thickness,
medilm thickness, high thickness and very high thickness,
odt of which the best grétindwater potential area is indicated
by very high thickness. Very high thickness zdnes cover an
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Table 1. Gedphysical investigations
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VES No. Resistivity Ohm-m /Thickness m Total thickness 'h' m Cirve types
P:&h, P, &h, P& h, p.&h,

1 13.2/2.81 3.18/18.29 7.14/48.6 875/39.3 109 HA
2 55.4/3.38 612/20.62 34.6/36.3 1094/103.7 164 KH
3 251/2.6 771/41.2 2146/75.2 565/78 197 AK
4 124/4 389/16.3 424/57.7 412/138 216 AK
5 138/2.5 568/18.3 36/26.9 242/86.3 134 KH
6 203/2.3 242/46.2 487/31.5 56.7/123 203 AK
7 68/1.7 188/71.6 1880/43.7 121/66 183 AK
8 2581/1.28 589/21.62 3167/71.6 101/100.5 195 HK
9 94/5 46.6/31.9 124/87 1 161/70 194 HA
10 395/1.81 78.7/29.69 7059/62.4 147/73.1 167 HK
11 654/2.1 218/31.6 5438/58.5 336/107.8 200 HK
12 505/3 792/19.2 233/158.8 181 K
13 209/3.7 705/14.6 29.2/14.2 334/184.5 217 KH
14 355/1.5 207/27.9 4470/28.1 454/97.5 155 HK
15 65/2.45 141/23.35 7717/49.3 9.35/81.9 157 AK
16 448/1.98 1620/15.02 535/46.1 346/157.9 221 KQ
17 597/1.98 2357/18.82 69.1/32.4 4275/117.8 171 KH
18 68/2.3 321/16.8 1733/12.5 728/83.4 115 AK
19 2455/2.17 360/36.13 3438/66.7 236/114 219 HK
20 145/3.85 791/34.55 386/56.6 728/143 238 KH
21 868/2.68 508/46.12 773/24.9 53.6/110.3 184 HK
22 151/2.08 390/44.52 1284/90.4 21.3/107 244 AK
23 361/1.08 119/32.52 2462/32.7 708/94.7 161 HK
24 7144/2.76 1034/44.64 2840/52.2 319/54 .4 154 HK
25 63.2/3.15 65/41.65 65.5/91.2 65/80 216 KH
26 1.96/2.2 2303/10 4907/23 57/165.8 201 AK
27 296/2.2 745/14.9 1537/43.4 2894/167.5 228 AA
28 2113/2.2 197/22.4 2396/23.7 532/84.7 133 HK
29 331/2.69 113/17.91 3825/46.8 49.8/87.6 155 HK
30 1212/0.85 77.2/10.85 3396/20.8 1123/100.5 133 HK
31 2730/1.45 2231/65.15 2254/53.4 1782/81 201 HK
32 338/2.85 916/25.55 1512/64.5 913/139.1 232 AK
33 151/2.25 283/65.05 1771/64.7 3765/46 178 AA
34 908/2.76 469/66.84 3531/12.2 1714/122.2 204 HK
35 129/2.5 707/15.1 3808/29.1 720/129.3 176 AK
36 19.2/3.12 158/31.88 180/57.6 1700/98.4 191 AA
37 58/3.47 20.4/16.93 389/26.7 1243/114.9 162 HA
38 31.9/3 132/25.7 8910/58.7 605/114.6 202 AK
39 226/2.5 140/47.5 8002/100 547/28 178 HK
40 396/3.16 421/13.74 8465/41.3 2787/170.8 229 AK
41 720/2.45 1137/47.55 113/20.4 2141/160.6 231 KH
42 617/3.26 1242/19.04 448/22.9 4349/149.8 195 KH
43 453/1.97 1896/29.93 321/77.1 2726/101 210 KH
44 382/2.77 201/18.23 1409/18.3 3688/185.7 225 HA
45 35.4/2.24 447/48.76 5.79/48.3 705/148.7 248 KH
46 415/2.55 5717/27.75 57.2/66.6 1770/145.1 242 KH
47 443/2.78 1895/31.52 150/58.2 716/150.5 243 KH
48 44.1/3.34 4205/50.16 6126/21.6 2418/112.9 188 AK
49 8.83/2.83 856/55.27 753/24.6 856/124.3 207 KH
50 128/3.25 2481/26.65 306/48.39 2006/126.2 205 KH
51 68.6/2.4 667/14 1067/39.5 5054/85.1 141 AA
52 49.8/1.54 4.37/10.06 437/7.3 758/131.1 150 HA
53 12.5/2.82 532/19.38 2306/70.1 796/94.7 187 AK
54 130/1.75 55.9/14.25 767/55.7 348/49.3 121 HK
55 583/2.37 1362/17.23 179/38 1225/77.4 135 KH
56 11.5/3.8 233/57.2 2685/13.2 4119/137.8 212 AA
57 45.1/3.3 702/15.4 4293/34.2 1112/83.1 136 AK
58 300/3.25 327/38.95 708/53.7 1750/82.1 178 AA
59 148/3.63 156/13.27 516/29.7 1342/79.4 126 AA
60 275/2.36 4343/15.04 147/76.4 1471/100.2 194 KH
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area of 44.96 km’. Similarlyspatial distribGition map o6f
weathered zdne thickness (Fig. 3) was prepared Gsing GIS TSA0E Uk tud
which (Table 3). The weathered zone thickness can alsd be N
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thickness, high thickness and very high thickness, the best b e
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thickness. The pd&ssibility 6f the best grolindwater potential
areas is related t0 very high thickness zones. Very high
thickness zénes cover an area 6f 34.87 km®.
Dar Zarrouk parameters: Dar Zarrolk parameters (Maillet, £z z
. ~ . . L=k -
1947) which are transverse (nit resistance (Tr) and L ]
Idngittdinal Gnit condictance (S) play a significant role in the
interpretation 6f sdinding data.
Longitudinal unit conductance: Longitldinal dnit
condictance valies vary from 0.10 t0 12.82mhos (Table 4).
Variations in I6ngitldinal Gnit condlctance from 6ne VES < _
pdint t0 the dther have been Used in a qlalitative sense to 1 . a?sKliur?n;ters . §
P . o~ . s g - - eeeee——
indicate changes in the total thickness of I6w resistivity. Large
vallies are indicative &f deeper basement and small valles Legend
are indicative &f shalldw basement and stiidy area pdsses @ JmwonantLocation
o o o PP o ~ ~ -ﬁ HILL
O.'1 .to 1?.82 mhos asv Iongltfjdlnal conductvance valt.Jes and [ High Porosiy and Permeabilty (<1.5) - 349,42 km2
this is more prevalent 6n the Gpper reaches &f the basin. {1 Medium Porosity and Permeability (1 5 to 2) - 167 97 km2
Transverse unit resistance: In Vaniyarsib-basin, g Low Porosity and Permeability (>2) - 74.04 km2 £
= 1 T 2
transverse (nit resistance vallies range frdm 11168.673hmm? z T8'200°E 78°00°E z

t6 797284.206hmm’ (Table 4). The property 'T' has been Gised

Fig. 4. Spatial variation 6f aqUifer anisotropy
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to indicate the varying thickness 6f high resistivity materials  resistive materials. It has been néticed that increasing T, have
and Or variations in their transverse resistance. Increasing T ¢oincided with high transmissivities &f aquifers.
valles are indicative 0f an increase in the thickness 6f the  Coefficient of anisotropy: The cdefficient of anisdtropy

Table 2. Topsoil thickness-categdry and GIS spatial distribGtion Table 3. Topsoil thickness-categdry and GIS spatial distribGtion

Limiting valGes Weightage assigned Area in Km® Limiting valles Weightage assigned Area in Km’
Less than 2.05 m Low thickness 54.95 km® Less than 18.40 m Loéw thickness 43.80 km’
2.05t62.60 m Medilm thickness 264.62 km’ 18.401629.70 m Meditim thickness 259.35 km’
260t63.23m High thickness 227.01 km* 29.70 t& 45.54 m High thickness 253.40 km’
bbbl Very high thickness 44.96 km’ More than 45.54 m Very high thickness 34.87 km?’

Table 4. Dar Zarrdik parameters and aquifer anisotrdpy valles

Loc. T valiie (Total S -valle (Total (Anisotropy) Loc. No. T valie (Total S -valie (Total (Anisotropy)
No. transverse Iongitddinal transverse Idngittdinal

resistance condlctance resistance condictance
1 34637.30 12.82 6.112562 34 249026.64 0.22 1.148169
2 148470.09 1.24 2.614844 35 124667.90 0.23 0.957848
3 134467.00 0.24 0.905974 36 181477.74 0.74 1.921434
4 86138.00 0.55 1.003276 37 143912.01 1.05 2.40046
5 46903.20 1.15 1.736325 38 80569.50 0.48 0.978347
6 26244.40 244 1.245609 39 36531.00 0.41 0.690921
7 29778.00 0.97 0.930891 40 500442.80 0.1 1.009454
8 68360.76 1.05 1.377102 41 422867.75 0.30 1.543848
9 17285.40 1.87 0.927966 42 705581.10 0.11 1.403618
10 18708.13 0.89 0.771782 43 479147.29 0.30 1.797486
1 57236.00 0.48 0.828543 44 693262.27 0.16 1.486167
12 142491.00 0.71 1.759431 45 148298.62 8.73 4.586758
13 82700.30 1.08 1.375383 46 797284.20 1.26 4.137259
14 56389.50 0.36 0.919285 47 279008.94 0.62 1.713109
15 11168.67 8.97 2.015923 48 574890.29 0.14 1.49758
16 154534.84 0.56 1.32661 49 174794.51 0.56 1.515398
17 625502.60 0.51 3.295643 50 441012.75 0.26 1.648138
18 70276.90 0.21 1.051164 51 465944.54 0.11 1.604405
19 69250.15 0.60 0.933632 52 99526.36 2.52 3.340456
20 176761.90 0.41 1.135653 53 123019.81 0.41 1.203031
21 44316.48 2.18 1.690766 54 21294.11 0.48 0.837855
22 55211.98 5.22 2.200581 55 171419.97 0.29 1.65779
23 75198.66 0.42 1.108173 56 584045.10 0.61 2.825383
24 137203.60 0.23 1.159704 57 127375.23 0.18 1.106561
25 14034.33 3.31 0.998393 58 174946.55 0.25 1.181252
26 85453.91 4.04 2.923304 59 113795.36 0.23 1.273644
27 528829.70 0.1 1.074762 60 545167.12 0.60 2.947805
28 58790.70 0.28 0.971284 Minim@m 11168.67 0.10 0.690921
29 12565.10 1.94 1.006738 Maximim 797284.20 12.82 6.112562
30 116335.08 0.24 1.248108 Total 12478035.09 77.08 98.41536
31 412785.55 0.10 1.005121
32 210447.40 0.23 0.95106

w
w

210249.00 0.29 1.395592
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varies from 0.69t6 6.11 (Table 4) and The area having Idw
anisotropy vallies and the area having highest water table
fliictGation (Fig. 4). Hence it can be considered that areas are
characterised with high pdrdsity and permeability.

Geology: The stiidy area is mainly tinderlain by charndckite
and Epiddte-hérnblende gneiss. Charndckite is the ddminant
grolp of rocks covering major parts of the stlidy area,
folldwed by the Epiddte-hdrnblende gneiss rdcks. The
Epidéte-hdrnblende gneiss is coOmparatively porois and can
be measiired as favdirable for grélindwater storage (Fig. 5).
This rock and its related cOmbinations Gslally act as a
favodrable zone for grétindwater.

Recommendation from GIS analysis: Each thematic map
slich as t6psail thickness (Fig. 2), weathered zdne thickness
(Fig. 3) coefficient of anisotropy (Fig. 4) and gedldgy (Fig. 5)
provides positive clies for the artificial recharge of
grolndwater. In drder t0 get all these inférmation Gnified, it is
essential t0 integrate these data with appropriate factor.
Therefére, ndmerically these information are integrated
throlgh the application 6f GIS. Different thematic maps are
reclassified on the basis 6f weightage assigned, and brdiight
intd the "Raster Calciilator" flinction 6f Spatial Analysis t66l for
integration. A simple arithmetical médel has been adopted td
integrate varidls thematic maps. The final (Artificial Recharge
Zone) map (Fig. 6) reveals that there are 7 combinations is
highly recommended for artificial recharge striictlre constriict
the check dam and percdlation pdnd (Table 6).

CONCLUSION

The present research work Gsing GIS for vertical
electrical soélinding (VES) proves td identify the grotindwater
recharge zone throlgh gedphysical sirvey. Dar Zarrdik
parameters indicate that this area is experienced by 6w
pordsity and permeability. The final integratidon map gives 7
stitable combinations for recharge sites based 6n topsail
thickness, weathered zone thickness, Dar Zarrolk
parameter (Anisotropy) and gedldgy. The excellent categdry
is (topsoil, weathered zone thickness and anisétropy for good
cOmbination in Epidote-hdrnblend gneiss region), covering
an area 6f 64.54 Km®. The secdnd favorable zdne is classified
as very good category is topsoil, weathered zdne thickness
and anisotropy for godd cdmbination in Chandckite region)
covers an area of 12.64 Km’. These areas are highly
recommended in slitable for the constriction of artificial
recharge strictlre.
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Abstract: The present investigation aldng the Mahim creek 6f Mimbai was performed for the stiidy 6f water qlality parameters Gsing water
qaality Index diiring October 2016 t6 September 2017. Samples were cdllected from three stations viz. Mahim-Bandra Pipe Line, Bandra-Sion
Link Réad and Bandra-Kiirla Complex along the creek. National Sanitation Folindation’s water qaality index (NSFWQI) methdd folldowed with
madified relative weights assigned by Central P4llition Control Board Gsing Gniqle score valle that state the level 6f deteridration. The Mahim
creek water gqlality was bad t6 very bad throlighdiit the year indicating inapprdpriate for propagation 6f aqiatic life and cdmmercial fisheries. It
coild be diie t6 domestic waste and indistrial effliients released indiscriminately that have severely deteridrated the qlality 6f creek water.
Present investigation sliggests that, efflients treatment is reqired t6 bring them int6 the biddegradable belt and make sire that I6cal sewer
limits liqlid waste especially diiring premonsoon season. The mangrdve plantation sholld be made aldng the creek to protect the aqatic

ecosystem and mangrove forest.

Keywords: Water Qaality Index, pH, Dissdlved Oxygen, Bidchemical Oxygen Demand, Fecal Cdliform, NSF, CPCB

Quality 6f aqtatic environment and natdral ablndance
of fish and shell fish species aldng cdastal water have been
affected graddally die t6 the hasty inddstrialization,
Grbanization and enlargement of slim neighborhodod.
Withoit codncern of appropriate develdpment has resiilted
intd expdlsion 6f endrmdis qlantity 6f indlstrialized efflients
as well as ddmestic inprocessed dirt and liqlid waste intd the
creek system that has significantly depleted aqQatic
organisms. Die t0 16ss 6f aqliatic drganisms the ecosystem
is greatly affected than terrestrial ecdsystems (Sala et al
2000). In existing sitlation, glality 6f aqliatic ecosystems has
becdme internatidnal and natidnal health issles thrélgh
ecOlogical assessment point 6f view. For better indiilgent, a
water qiality index (WQI) seems preddminantly imperative
isslie delve intd assessing the health condition of the creek
water bddies (Baskaran et al 2013, Hdseinzadeh et al 2015,
Barakat et al 2016). Elevated level 6f 6rganic wastes resiilts
in high drganic demand Qtilized by microbes, which latter
prodlices ammonia from o&rganic nitrdgen compolinds
retards intd fish metabdlic activity and invertebrates
commdnities residence in tainted creek system (Ayodla and
Ktdn, 2009). A niimber &f stiidies have been condicted s6
far t6 determine contamination levels 6n the Mahim creek.
Inférmation on prellide slrveys on effllience stlidy of said
creek reached at a disquieting stage and reqlires great
awareness (NEERI 2011, Shah and Bhave 2014). The

present effort deals with the WQI t6 investigate the
deteridration level at different stations along the Mahim creek
of Mimbai cdast. This stlidy will help s in discerning the
health statis relentlessly affected diie t6 Gnrestraint Gse of
indistrialized waste matter and hdlisehdld wastes from the
nearby areas.

MATERIAL AND METHODS
Study area: The Mahim creek is I6cated at 19°03'02.88" N
latitide and 72°50'37.18" E I6ngitlide aldng western Arabian
coast of India and receives Overflow from the Vihar and
Pdwai lake dlring moénsoon thrélgh the Mithi river which
drains intd creek and flrther ends intd Arabian sea. The creek
receives domestic Untreated sewage as well as indistrial
desecrate effllients from nearby stbirban complexes and
small scale indistrialized z6ne which are the foremdst
solrces Of contaminants t0 the creek water. The creek is
inlindated by immeasiirable stretch 6f mangroves, whichina
small nimbers have been riiined dle t6 developmental
actions aldng the creek belt. Rinoff from the Mithi river
flrther decreased with the commencement 6f pdst mdnsdon
foremost t6 stagnant condition of water bddies diie to
expllsion of effllients and sewages intd creek.
Sample collection: Three stations namely Mahim-Bandra
Pipe line (S1) latitdde 19°03'02.88" N and 72°50'37.18" E
Idngitiide, Bandra-Sion Link réad (S2) latitlide 19°03'05.99"
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N and 72°50'54.52" E 16ngitlide and Bandra-Kirla COmplex
(S3) latitide 19°03'10.89" N and 72°51'11.01" E Idngitlide
were selected for stlidy aldong the creek. Sampling stations
were fixed at eqidistance 6f 500m (sing GEP satellite
imagery software (Version 7.3). The depth 6f S1 was 6-8 m
depending on the tide. This statidn experienced maximim
tidal inflience. S2 between Bandra-Sion link rdad which was
selected flrther north 6f S1. The depth at this station was
arolind 8-10 m. S3 was selected west 10 S2. This region 6f the
creek was the shalldwest averaging aréind 4-6 m. This
station had the slightest tidal sway, bt received freshwater
inpdts from Mithi riverine system and sewage waste from
inddstrial and residential areas. The sampling was done from
respective stations dlring pdstmdnsdon (Octdber 2016 6
Janlary 2017), premdnsdon (Febriary t6 May 2017) and
monsoon (Jlne td September 2017). Siirface water samples
were cOllected fortnightly in triplicates diring high tide and
their monthly average vallies were presented. Water qlality
parameters viz. pH was measired Using pH tester (Eltech
Instriiments), fecal coliform (a three tiibe MPN techniqe),
dissdlved o6xygen, and bidchemical 6xygen demand were
analyzed according t6 the standard methdds described in
APHA(2012).
The NSFWQI is expressed mathematically as:

P
NSFWQI = Wil

where, p = nlimber 6f water qUality parameters, Wi =weight
of water qUality parameter, li = siib index for ith water qiality
parameter

Forbathing, contact water sports, propagation 6f aqatic
ecosystem and commercial fishing, the water qGality criteria
for class sea water (SW)-II permissible limits and mddified
weights as per CPCB, (2001) were pH 6.5-8.5 and 0.22; DO,
>4 mg/L and 0.31; cdl6dr and 6dddr with nd noticeable cdldar
and offensive 6doir where weight is not prescribed; BOD (3
days at 27°C) was <3 mg/L and 0.19; fldating matters néthing
O0bnoxidls or detrimental for Gse plrpdse weight is not given;
fecal coliform standard colnt is 100MPN/100 mL and 0.28
respectively. The slib-index eqiation for compitation of
NSFWQI calciilated as prescribed by Abbasi (2002). The
range of the NSFWQI corresponding t6 varidls designed
best Use classification is presented in Table 1. Pearsdn
correlation matrix was Gsed t0 investigate the relationship
between water qiiality parameters and WQI.

RESULTS AND DISCUSSION
In the statidon S1, maximim pH cdncentratidon was 7.62
and minimdm 7.38 when compared t0 S2 showing highest
and Iowest cOncentration of 7.57 and 7.31 respectively
followed by S3. In case 6f DO,, S3 recdrded highest4.13 and

Idwest 2.60 mg/L cOncentration significantly smallest valles
when cOmpared t6 S2 folldwed by S1. Similarly, S3 has
shown highest 14.12 mg/L and Idwest 9.15 mg/L
concentration o6f BOD significantly higher than S2
slibseqliently S1. In the case of fecal coliform, I6cation S3
showed maximim and minimim 18000 and 4200
MPN/100mL respectively recorded highest valles
significantly differ from S2 folldwed by S1. In the present
stlidy, 16w DO levels, high BOD concentration and wdrst FC
glantification warrants rgent mitigation measdres in the
creeks as slpported by DOD. Many earlier workers
repdrted the growth &f Gnwanted algae die t0 leaching of
fertilizers in water bddies resiilts intd higher BOD (Kamble et
al 2010, Stephen et al 2014, Tiwari and Bajpai 2014, Dhawan
et al 2014). There was evidence of discol6iration and fodl
smell dbserved aldong all three stations that shows the
deteridration 6f water bodies dle td varidls cdntaminants
thereby calising detrimental impact 6n the aqlatic drganisms
especially copepdds from the zddplanktdn grdips of the
creek water (Min(tdli et al 2007). The fldating matters were
Observed that may be dbndxidls or detrimental for benefit
Gse pilrpdses (NIO 2006, Lad and Patil 2014). All the
parameters folind beydnd the standards 6f CPCB, which
makes worse (sages especially for aqdatic life and
commercial fishing. The present stlidy reveals that, the WQI
resllts or each parameter assessed for water quality can be
compared with the existing historical data. The Overall
average WQI dniqle valle compited from three stations
were 43.38 which classifies the creek water (inder bad t6 very
bad categdry. Average maximiim, median and minimim WQI
score recorded for S1, S2 and S3was 44.73,43.59and 41.84
respectively that classifies intd bad, bad and bad t6 very bad

Table 1. NSFWQI for varidls designed best Gse*

NSFwaQl Description 6f water quality Remarks
63-100 G0ood to excellent Non pdlltted
50-63 Meditim t6 g66d Non pdlltited
38-50 Bad Pdlldted
38andless Bad t6 very bad Heavily polltted

*Soirce: CPCB, 2001

Table 2. Codrrelation coefficient matrix 6f water qaality
parameters of three stations

Variables pH DO BOD FC wal
pH 1 0.426" 0.615 0.296" -0.584"
DO 1 -0.801" 0.126 0.952"
BOD 1 0.429" -0.902"
FC 1 0.361"
wal 1

**.Correlation is significant at the 0.01 level
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water qlality respectively and is slipported by Chatterji and
Razitddin (2002). From the stdy it was projected that the
WQI varies from station t6 station and woild expdse any
pdint-solrce effects dn the Mahim creek water. However, it
was noét the sampling station that varies significantly bt the
variation dcclirred die t6 seasonal alteration (USEPA 2002,
Berlemann 2013, Singare etal 2014).

The variation in WQI amdng I6cations S1, S2 and S3
reported. Dlring mdnsdon, the WQI vary from 46.41 16 50.25
classifying it intd bad water qiality category which is die t6

765

43.30 again reflects bad water glality which is pollGted die t6
adjacent sewers and hotels. Sibseqlently, diring
premdnsdon, WQI varied between 38.04 t6 40.63 ranking
intd bad t6 very bad water qdality class, that is die td
excessive drains 6f sewage and liqliid waste intd creek water.
Diring allthe seasonin S3is WQlwas Idwestindicating bad
t0 very bad water qQiality which is dlie t& Escherichia coli, DO,
and BOD concentrations. Diiring premdnsoon, warmer water
alldws E. coli td persist and ddes nét hold as mich DO, Alsd
increase in the decaying 6rganic material t68 affect DO,

rinoff from adjacent residential and indGstrial efflGent.
Similarly, diiring pdstmdns66n, WQI recorded from 41.06 t6

(Halléck 2002, Varshney et al 2006). In the present stldy
Gsing WQI, accimiilated endligh data t6 have a solid

Table 3. Examples 6f WQI calcilation for three different sampling stations diring 201617

Manth pH BOD
S1 li S2 li S3 li S1 li S2 li S3 li
Oct 7.49 20.54 7.41 21.09 7.32 22.56 9.64 5.54 9.87 5.24 9.93 5.16
Nov 7.49 20.57 7.40 21.11 7.40 21.11 10.05 5.00 10.14 5.02 10.19 5.01
Dec 7.50 20.50 7.41 21.05 7.49 20.52 10.47 4.94 10.54 493 10.61 4.91
Jan 7.52 20.35 7.51 20.41 7.50 20.50 11.04 4.81 11.28 4.76 11.53 4.70
Feb 7.54 20.24 7.40 21.14 7.57 20.02 11.32 4.75 11.55 4.69 11.84 4.62
Mar 7.51 20.43 7.45 20.83 7.65 19.49 11.85 4.62 11.92 4.61 12.06 4.57
Apr 7.52 20.37 7.52 20.35 7.69 19.23 12.46 4.48 12.53 4.46 12.67 4.43
May 7.62 19.67 7.57 20.00 7.53 20.26 13.53 4.23 13.71 419 14.12 4.09
Jin 7.42 20.98 7.31 22.46 7.41 21.07 8.76 6.72 9.12 6.24 9.57 5.64
Jal 7.38 21.27 7.31 22.46 7.46 20.74 8.70 6.80 9.30 6.00 9.72 5.44
Alg 7.52 20.37 7.42 21.00 7.51 20.39 8.64 6.88 9.56 5.65 9.87 5.24
Sep 7.48 20.63 7.34 22.71 7.41 21.05 8.13 7.55 8.32 7.30 9.15 6.19
Objective 6.5-8.5 6.5-8.5 6.5-8.5 3.00 mg/L 3.00 mg/L 3.00 mg/L
Wi 0.22 0.22 0.22 0.19 0.19 0.19
Month DO, Fecal coliform
S1 % Sat li S2 % Sat li S3 % Sat li S1 li S2 li S3 li

Oct 347 5333 1514 314 4836 1334 311 4785 1315 1100 525 1500 4.96 4200 3.99
Nov 286 4395 11.74 267 41.08 10.70 260 40.03 10.32 1230 515 1800 4.79 5500 3.74
Dec 291 4477 1204 266 4092 1064 264 4055 10.51 1800 4.79 2300 4.56 6800 3.54
Jan 293 4508 1215 284 4369 1165 276 4251 1122 2000 469 3500 4.16 8500 3.33
Feb 296 4554 1232 280 43.08 1142 277 4267 1127 1900 4.74 4700 3.88 10000 3.17
Mar 289 4446 1193 278 4272 1129 274 4222 111 2100 464 7200 3.48 12000 3.00
Apr 275 4231 114 273 4200 11.03 270 4154 10.87 3500 4.16 9000 3.27 15000 2.79
May 268 4123 1075 268 4123 10.75 265 40.77 10.59 4000 4.04 11000 3.08 18000 2.62
Jin 356 5472 1565 350 53.80 15.31 3.54 5448 1556 1600 4.90 8000 3.38 14000 2.86
Jal 3.74 5749 16.65 3.69 56.77 16.39 3.67 56.46 16.28 1300 5.10 6400 3.59 10000 3.17
Alg 397 6112 1797 3.75 5769 16.72 3.74 5754 16.67 1500 4.96 4200 3.99 8900 3.28
Sep 432 6641 19.89 424 6518 1944 413 6354 1884 1978 4.70 6800 3.54 9700 3.20
Objective 4.00 4.00 4.00 100 100 100

mg/L mg/L mg/L MPN MPN MPN
Wi 0.31 0.31 0.31 0.28 0.28 0.28

S1, S2, S3 — Sampling stations; li — Stb index for ith water qlality parameter; Wi —~Weight 6f water qlality parameter; % sat — Percent satdration
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Table 4. P6dled seasdnal WQI for three different sampling stations

Station P&stmonsoon (Oct —Jan 2016-17) Premdnsoon (Feb-May 2017) Monso6n (Jin-Sept 2017)
S1 pH 20.54 20.57 20.50 20.35 2024 2043 2037 19.67 2098 2127 20.37 20.63
DO, 15.14 11.74 12.04 1215 1232 1193 1114 1075 1565 1665 17.97 19.89
BOD 5.54 5.00 4.94 4.81 4.75 4.62 4.48 4.23 6.72 6.80 6.88 7.55
FC 5.25 5.15 4.79 4.69 474 4.64 4.16 4.04 4.90 5.10 4.96 4.70
waQl  46.48 42.45 42.27 42.00 42.04 4163 40.15 38.69 4825 4981 50.17 52.77
S2 pH 22.09 21.11 21.05 20.41 2114 2083 20.35 20.00 2246 2246 21.00 21.71
DO, 13.34 10.70 10.64 11.65 1142 1129 11.03 1075 1531 16.39 16.72 19.44
BOD 5.24 5.02 4.93 4.76 4.69 4.61 4.46 4.19 6.24 6.00 5.65 7.30
FC 4.96 4.79 4.56 4.16 3.88 3.48 3.27 3.08 3.38 3.59 3.99 3.54
waQl 4564 41.62 41.18 4098 4113 40.21 39.11 38.02 4740 4845 4737 51.99
S3 pH 22.56 21.11 20.52 20.50 20.02 1949 19.23 2026 21.07 20.74 20.39 21.05
DO, 13.15 10.32 10.51 11.22 1127 1.1 10.87 1059 1556 16.28 16.67 18.84
BOD 5.16 5.01 4.91 4.70 4.62 4.57 4.43 4.09 5.64 5.44 5.24 6.19
FC 3.99 3.74 3.54 3.33 3.17 3.00 2.79 2.62 2.86 3.17 3.28 3.20
WQl  44.86 40.18 39.48 39.74 39.09 3818 37.32 3756 45.12 4563 4558 49.29

baseline and {inderstanding &f water qiiality 5n Mahim creek
which is heavily deteridrated by Grban and indUstrial efflients
is sppodrted by Devi and Nagendran, (2017) and Chaiihan
and Bhardwaj (2017).

The pH shéws negative cdrrelation (0.426) with DO,
and it is independent of (0.615) BOD, (0.296). The FC
showed significant negative correlation with WQI (-0.584).
Similarly, DO, is negative correlated (-0.801) with BOD and (-
0.126) FC and significantly positive correlation) with WQI
(0.952. Sibseqiently, BOD shdwed positive correlation
(0.429) with FC and negative cdrrelation (-0.902) with WQI.
In the present stlidy water pH ranged from neltral t6 alkaline
indicating the waste water effliient contamination. Beldw pH
6.5 and DO, <4 mg/L, alters metabdlism, retards growth of
aquatic species, reprddiiction and calises heavy mortality
(Tiwary and Thakdr 2012). After pH, BOD is andther indicator
of water qlality that has shéwn cldse correlation with fecal
coliférm and inverse relatidnship with DO,. B6th BOD and FC
were negatively correlated with WQI and Gsed t0 assess the
waste water pollition of sdrface and grélnd waters
inflienced by biddegradable 6rganic matter as stipported by
earlier researchers (Khan et al 2004, Dhage et al 2006,
Fosteretal 2011, MPCB 2016).

CONCLUSION
Based on the resilts obtained, it can be said that, some
of the samples have DO,, BOD and fecal coliform levels
exceeding the standard limits as prescribed by CPCB. Based
on WQI the Mahim creek water qlality was bad 6 very bad
throlghoit the year indicating that the water is Gnsditable for
fisheries and relevant activity mentidoned in SW Il standards.

It colld be that die t6 domestic waste and an indistrial
efflient released indiscriminately has severely deteridrated
the quality 6f Mahim creek water. Present investigation
stiggests that, the efflients treatment is reqdired td bring
them intd the biddegradable belt and make sire that I6cal
sewer limits are maintained. The illegal encrdachment,
reclamation constriiction, dimping along the creek shoild be
stopped and mangrove plantation shodld be ddne aldng the
creek to protect the aqiiatic ecdsystem and mangroves.
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Abstract: The concept 6f an air qlality index (AQlI) that transforms weighted valles of individGal air pollition related parameters (e.g. SO,, CO,
visibility, etc.) intd a single nimber or set 6f nlimbers is widely Gsed for air qality commdinication and decisidn making in many cdintries. The
Objective 6f an AQl is t6 qiickly disseminate air qlality information (almdst in real-time) that entails the system t6 accodint for pollitants which
have short-term impacts. Eight parameters (PM,,, PM,; NO,, SO,, CO, O,, NH,, and Pb) having short-term standards have been considered for
near real-time dissemination 6f AQI. It is recognized that air cOncentrations 6f Pb are ndt kndwn in realtime and canndt contribite t6 AQI. The
major air polltants involved in this particilar constriiction project are slispended particllate matter, stlphir didxide and nitrdgen didxide. An
air qality monitdring was done for the develdpment &f Beypore harbddir constriiction. In this stdy, the air qlality parameters 6f PM,,, PM,,
SO, and NO, were monitdred for the regdlar interval peridd for for different I6cations and the corresponding AQI was calcilated. As per the
AQI classifications, all the I6cations are coming Gnder minimal impact categdry which alsd reqdires rigid contrdl measires t6 rediice the
particllate matters in the air. The Obtained air qliality index can be (ised in environmental qlality perféormance indexing for fitlre develdpments

in that spatial region.

Keywords: Air qUality index, Emission, PdllGtants and particllate matter

According t0 the Biread of Indian Standards, [IS 4167
(1966)] air pollition is defines as “the presence in ambient
atmdsphere of slbstances, generally resilting from the
activity 6f man, in sifficient concentration, present for a
stfficient time and Gnder circimstances siich as t0 interfere
with cOmfort health 6r welfare 6f persdns or with reasdnable
Gse or enjoyment of property”. In addition t6 land and water,
air is the prime resdiirce for slistenance of life. With the
techndldgical advancements, a vast amolnt 6f data on
ambient air qUality is generated and Used t0 establish the
qaality of air in different areas. The large monitdring data
res(lt in encycldpedic voliimes 6f information that which is t6
describe air qlality is t6 report the cdncentrations of all
pdllGtants with acceptable levels (standards). The concept of
an Air Qaality Index (AQI) has been develdped and lsed
effectively in many develdped cdiintries for dver last three
decades (Ontaric 2013, USEPA 2014). There have n6t been
significant efforts t6 develdp and Gse AQI in India, primarily
die t6 the fact that a modest air quality monitdring
programme was started 6nly in 1984.The develdpment 6f an
efficient and comprehensible AQI scale is reqtired for
citizens and policy makers t6 make decisions td prevent and
minimize air pollGtion expdsire and ailments indliced from
the expdslre. Large qlantities of pdllGtants have been
released intd the atmdsphere; whereas the rate of ejection is

beydnd the limits 6f natiiral cleansing ability and 'biffering
capacity’ 6f the atmdsphere. The manmade activities have
been responsible for these emissions. Nitrdgen didxide
(NO,), silphir didxide (SO,) and slispended particllate
matter (SPM) are the major air pollitants which are
infliences the air pdllGtion in India which are present in the air
die t6 birning 6f fossil fliels and affect the living being. In this
present work, an attempt has been made t0 evalliate the
concentrations 6f ambient air polllitants stich SPM, SO, and
NO, from December 2013 t6 March 2014 at foir different
Idcatidns nearby the propdsed prdject area with different
gedgraphic conditions.

MATERIAL AND METHODS
Study area: As per the Ministry 6f Envirdbnment Forest &
Climate Change gidelines, the sampling |6catidns for the
Envirbnmental Impact Assessment stidy have been
considered as for 10km radilis keeping the proposed project
site at center (Fig. 1).

Fodr air qlality sampling I6cations representing different
activity areas i.e., dne each in commercial, indUstrial, mixed
and ecological were selected (Table 1). As per ambient air
qUality standards specified by Central Polltion Contrdl Board,
the ambient air qdiality at varidlis mentidoned I6cations from the
period 6f December 2013 t6 March 2014were monitdred.
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Fig. 1. Sampling Idcations

Sampling methodology: Twenty-folr air samples were
cOllected frdom each I6cation with a freqliency 6f twd samples
per week. Stispended particlilate matter (SPM) &f size abdve
10pm present in ambient air was measlred by Using
respirable diist sampler with a cyclone attachment for a period

Table 1. Name &f the ambient air measiiring l16catidons

Location Zdne type Code Direction
Project area Coémmercial AQL1 SwW
Beypore road Indistrial AQL2 NW
Chaliyam Mixed AQL3 SE
KarGvanthirty Ecological AQL4 E

Table 2. National ambient air qUality standards

of dne day by silcking kndwn qlantity of air throtgh glass
filters. The mass cOncentration 6f SPM was calcilated by
measd(ring the weight of cdllected matter in kndwn volime of
air sampled. The final resilts were expressed in terms of
pg/m’.The determination 6f stlphr didxide (SO,) was ddne by
maodified West and Gaeke methdd whereas Jacdb Hochheiser
methdd was lsed t0 estimate the concentration 6f NO, in the
air. The ambient air qGality monitdring was carried 6dt with a
freqliency of twd samples per week for twelve conseciitive
weeks at fodr I6cations in the stlidy peridd. The parameters
monitdred were particlilate matter less than 10 (PM,,) and 2.5
microns (PM,;), sllphir didxide (SO,) and Nitrdgen didxide
(NO,).

Air Quality Index (AQI): AQI is an envirdnmental index
which describes the dverall atmdspheric air statis. It is the
measiire Of ratid of the concentration of pdlllitants t6 the
condition 6f atmdspheric air in the area. It was calcilated by
the formdila,

| IPM, IPM SO, INO
AQI = —(——% + R R e R 11
4°SPM,, SPM,. SSO, SNO,

Where, IPM,, IPM, ISO, INO,are the individial valles
of PM,,, PM,,, SO, and NO, respectively obtained diring
sampling.SPM,, SPM,, SSO, SNO,are the atmdspheric air
qlality standards prescribed by Central PollGtion Contrdl
Bdard( Table 2). By the AQI valiies, the condition of qality of
air and the health concern may perhaps t6 knéw from the
Table 3.

RESULTS AND DISCUSSION
The average concentration 6f PM,was the maximim
(51.75ug/m’)at Beypore rdad and the minimdm (39.82ug/m®)
at Chaliyam area. The maximm valiie 6f PM,,was measired
for twd stations of Beypore réad and KarGvanthirlty as
64.5ug/m’and for other two stations of project area and
Chaliyam as 56.9ug/m’® (Table 4). The average concentration

Pollatants Time weighted average

Concentration in ambient Air

Indstrial, residential

Ecoldgically sensitive area

& other (Notified by Gol)
Particiilate matter size less than 10 pm Annial 60 60
&r PM,, (ug/m®) 24 Hodrs* 100 100
Particlilate matter size less than 2.5 ym Anndal’ 40 40
or PM,; (ug/m®) 24 Hodrs** 60 60
Silphir Diéxide (SO,), Anngal’ 50 20
(ug/m®) 24 Holrs** 80 80
Nitrégen Didxide (NO,), Annial’ 40 30
(ug/m®) 24 Hodrs* 80 80

*Anndal arithmetic mean 6f minimdim 104 measirements in a year at a particilar site taken twice a week 24 hoirly at Gniférm intervals.

** 24 or 8 or 1 holrly monitored vallies as applicable shall be cdmpiled with 98 % 6f time in a year. 2% 6f the time, they may exceed the limits bt nét 6n twd

consecitive days 6f monitdring.
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6f PM,, was recorded as 19.36, 21.45, 16.86 and 18.57ug/m*>  fortwd stations 6f Beypdre réad and Karlvanthiriity as 26.8
for project area, Beypore réad, Chaliyam and KarGvanthirdity, pg/m’and for dther two statidns of project area and Chaliyam
respectively. The maximim valiie 6f PM,.was measiired as 24.1 pg/m®’. By comparing the inddstrial, residential,

ecOlogical and mixed area standards, the dbserved valiies at

Table 3. Air qlality categdries based on air qlality index

AQl range Condition Levels of health concern

016 50 Good Minimal Impact

5116 100 Satisfactory May calise mindr breathing discdmfort td sensitive pedple

101 16 200 Moderate May caiise breathing discomfort t6 the pedple with Iing disease andheart
disease, children and older adilts

201 t6 300 Poor May calise breathing discdmfort 16 pedple 6n prdldnged expdslire and heart
disease with short expdslire

301 t6 400 Very POor May calise respiratory iliness t0 the pedple on proldnged expdsire.

401 t6 500 Severe May calise respiratdry effects even 6n healthy pedple and seridiis health impacts

on peodplewith Iling/heart diseaseseven diiring physicalactivity

Table 4. Ambient air qliality data for different parameters (ug/m°)

Air Samples Project area (AQL1) Beypdre réad (AQL2)

PM,, PM, SO, NO, PM,, PM, SO, NO,
1 454 191 10 17.2 50.7 20.9 9 18.8
2 47.2 19.9 10.4 17.9 52.9 21.9 9.4 19.6
3 44 18.6 9.7 16.7 49 20.2 8.7 18.1
4 47.6 20.1 10.5 18.1 50.1 20.7 8.9 18.5
5 48.2 20.4 10.4 18.1 53.6 222 9.2 19.6
6 46.4 19.6 10 17.4 58.9 24.4 10.1 21.5
7 51 21.6 1 191 54.8 22.7 9.4 20
8 53.3 22.6 11.5 20 56.5 23.4 9.7 20.6
9 49.3 20.9 10.4 18.2 60.3 25 10.1 21.7
10 47.4 20.1 10 17.5 57.3 23.8 9.6 20.6
1 46 19.5 9.7 17 55.6 23.1 9.3 20
12 52 221 11 19.3 62.1 25.8 10.4 22.4
13 49.9 21.1 1 19 51.8 21.4 9.2 19.2
14 50.8 21.4 11.2 19.3 53.5 221 9.5 19.8
15 49 20.7 10.8 18.6 51.2 21.2 9.1 19
16 46.3 19.5 10.2 17.6 49.5 20.5 8.8 18.3
17 50.1 21.2 10.8 18.8 52.5 21.7 9 191
18 49.6 21 10.7 18.6 51.3 21.2 8.8 18.7
19 47.3 20 10.2 17.7 48.4 20 8.3 17.7
20 48.2 20.4 10.4 18.1 57.7 23.9 9.9 211
21 51.2 217 10.8 18.9 61.5 25.5 10.3 22.2
22 46.9 19.9 9.9 17.4 58.5 243 9.8 211
23 53.1 22.5 11.2 19.6 63.3 26.3 10.6 22.8
24 56.9 241 12 211 64.5 26.8 10.8 23.2
Maxim@m 56.9 241 12 211 64.5 26.8 10.8 23.2
Minim@m 46 18.6 9.7 16.7 484 20 8.3 17.7
Mean 49.05 20.75 10.58 18.38 55.23 22.88 9.50 20.15

Standard deviation 2.94 1.27 0.58 1.04 4.79 2.03 0.65 1.57
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Table 4. Cont...
Air samples Chaliyam (AQL3) KartvanthirGty (AQL4)
PM,, PM,, S0, NO, PM,, PM,, S0, NO,

1 49.7 18.7 9.5 19.4 36.8 14.7 8.7 15.8
2 51.8 19.5 9.9 20.2 38.5 15.3 9.1 16.5
3 471 17.7 9 18.4 35.9 14.3 8.5 15.5
4 50.8 19.1 9.7 19.8 38.1 15.2 9 16.4
5 53.6 20.2 10 20.6 41.4 16.5 9.6 17.6
6 63.2 23.8 11.8 24.3 449 17.9 10.4 191
7 56.2 21.2 10.5 21.6 42.7 171 9.9 18.2
8 58.9 22.2 11 22.7 44 17.6 10.2 18.7
9 58.1 21.9 10.6 221 40.6 16.2 9.2 17
10 55.9 211 10.2 21.3 384 15.3 8.7 16.1
11 54.8 20.7 10 20.8 375 15 8.5 15.7
12 58.7 221 10.7 22.3 39.7 15.9 9 16.7
13 53.4 20.1 10.2 20.8 40.2 16 9.5 17.3
14 56 21 10.7 21.8 42.3 16.8 10 18.2
15 52.3 19.7 10 20.4 41 16.3 9.7 17.6
16 48.1 18.1 9.2 18.8 40.6 16.2 9.6 17.5
17 54.6 20.6 10.2 21 40.6 16.2 9.4 17.2
18 52.5 19.8 9.8 20.2 38.9 15.5 9 16.5
19 50.9 19.2 9.5 19.6 38 15.2 8.8 16.1
20 51.9 19.6 9.7 20 39.7 15.9 9.2 16.9
21 53.2 201 9.7 20.2 419 16.8 9.5 17.6
22 50.4 19 9.2 19.2 38.8 15.5 8.8 16.3
23 49.3 18.6 9 18.8 41 16.4 9.3 17.2
24 57 21.5 10.4 21.7 42.8 171 9.7 18
Maximim 56.9 241 12 211 64.5 26.8 10.8 23.2
Minimim 471 17.7 9 18.4 35.9 14.3 8.5 15.5
Mean 53.68 20.23 10.02 20.67 40.18 16.04 9.30 17.07
Standard deviation 3.84 1.45 0.67 1.39 2.25 0.90 0.52 0.96
folr I6cations are within the permissible valie. 70 = AQLL AQL2  =A=AQL3 ==AQLA

The average cdncentration 6f SO, was 9.82, 8.83, 8.55
and 7.64ug/m’ for project area, Beypdre rdad, Chaliyam and 6
KarGvanthirGty respectively. By cdmparing the inddstrial, 60
residential, ecoOldgical and mixed area standards, the
Observed vallies at fir Idcations are within the permissible Ess
valle 20 pyg/m’. ¥

The average concentration 6f NO,at varidis stations in %0
the stlidy area was well beldw the maximim prescribed limit 5
of 30 ug/m’specified for inddstrial, residential, and &ther
areas. The NO, was monitdred at varidls stations ranged 40
from 15.5 pg/m® t6 23.2ug/m’. The highest NO, valiie was 3
recorded as 23.2ug/m’ near Beypdre road and
KarGvanthirlity. The average concentration 6f SO, was 30
calcilated as 17.1, 18.82, 14.89 and 16.28 ug/m’ for project 123456789 0UDBUBHETELANRSN
area, Beypdre rdad, Chaliyam and Karidvanthirity Samples

respectively. By dbserving the resiilts 6f AQI and the means Fig. 2. Variation &f AQI in sampling 16catiéns
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Table 5. Air qality index 6f sampling I6catidons

Air samples AQL1 AQL2 AQL3 AQL4
1 47 50 49 39
2 48 53 51 40
3 45 49 47 38
4 49 50 50 40
5 49 53 53 43
6 47 58 62 47
7 52 54 55 45
8 55 56 58 46
9 50 59 57 42
10 48 56 55 40
1 47 55 54 39
12 53 61 58 41
13 51 52 53 42
14 52 53 55 45
15 50 51 52 43
16 48 49 48 43
17 51 52 54 42
18 51 51 52 41
19 48 48 50 40
20 49 57 51 42
21 52 61 52 44
22 48 58 49 40
23 54 62 48 43
24 58 64 56 45
Mean 50 55 53 42
Condition Good  Satisfactory ~ Satisfactory  Good

of folr 16cations showed the condition of air qlality presentin
the proposed site which is godd or satisfactory (Table 4).The
sOils in the project area are sandy in textiire, and are likely to
generate slibstantial qlantities 6f dlist. However, the fligitive
emissions generated diie t0 vehicllar mévement are not
expected t0 travel beydnd a distance 6f 200 t6 300 m. The
wind-bldwn dist is also likely t6 be slbstantial, especially
ddring the simmer months. Since, fligitive emissions die t0
vehicllar mévement are minimal and nd major impacts are
anticipated 6n ambient air qlality diring the constriiction
phase 6f propdsed project. It evident that, the infrastriictiire
develdpment near Beypore harbdiir which ddes nét have the
major impacts t6 the envirdnment by means 6f air pollGtion
(Fig. 2, Table 5).

CONCLUSION
The present work was carried &t for the assessment 6f
condition and quality of air by measdring Air Quality Index
(AQI) for the development 6f new infrastriictdral projects at

Beypdre harbdir in Kerala. From this Envirbnmental Impact
Assessment, the emissions from the varidls inddstrial
cliisters are the major solrces of pollition which determine
the ambient air pollGtion condition 6f the zone. AQI was Idwer
than 50 in the I6cations AQL1 and AQL4 have minimal impact
and it more than 50 at the I6cations AQL2 and AQL3 may
calise was mindr breathing discomfort t6 sensitive pedple.
The Observed resilts 6f gddd and satisfactory. It was
revealed that, the pollGtion level were 16w for all zOnes in the
propdsed project areas and 6ther. From this it was conclided
that, it will be safe for the new infrastriictlral develdpment
projects at the propdsed site 6f Beypdre harbdir.
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Abstract: The present investigation was carried 60t for a peridd t6 stldy the pdllition statis of the fresh water pond ecdsystem Gnder stib—
temperate conditions 6f Palampir. The siirface water samples were cdllected from the pond at the monthly interval from April, 2014 t6 March,
2015 and analyzed for different physico-chemical characteristics.. The higher concentrations of free CO,, chldrides, nitrate-nitrogen,
phdsphate-phdsphdriis and 16w vallies 6f secchi transparency and dissdlved 6xygen throlighdiit the stlidy peridd indicated the deteridrated

water qlality 6f pond ecosystem.

Keywords: Water qlality, Pond ecdsystem, Physicd-chemical characteristics

Aglatic ecosystem is the mdst varied and prdlific system
in the world inclides rivers and streams, pdnds and lakes,
Oceans and bays, swamps and marshes. It is ne 6f the most
findamental compdiinds gifted td the ecdsystem. The water
qUality is described by its chemical, physical, and Bidldgical
characteristics. These parameters take part in determining
the water qlality statls and distribGtional pattern of
micrdrganisms inhabiting in aquatic ecdsystem, Singh et al
(2009) and Naik (2013). There are sOme pdssible
correlations which are fdiind amdng these physicd-chemical
parameters and the major 6ne waild be helpfil to verify the
water qlality statls. Water along with land is very impdrtant
natlral resdirce and combination of these twd resolrces
sets the Gpper limit 6f the inhabitants and carrying capacity of
the area in space and time. Bt indistrialization, increased
himan popilation, fertilizers and pesticides Gse in
agriciltdral practices and anthrépdgenic activities cadsing
water quality deteridration leads t0 heavy aquatic pdllQtion
and aqUatic bidta declinatidon. Water qlality 6f water bddies
like rivers, pdnds, and streams may vary and depending 6n
the geodldgical mdrphdldgy, flora and land Gse in the
catchment area. In the aqlatic ecosystem, water qiality
parameters are the determinant 6f go6dd growth and
represent the statlis 6f water qhality in aqUatic body. The
striictiral perférmance of aqUatic ecosystem is being
distlrbed by an additidon of discharged waste water from
inhabited areas, sewage Oltlets, solid wastes, detergents,
altomaobile dil wastes, and agriciltiral pesticides from
farmland, This stiidy invdlves water qUality analysis of fresh
water pdnd in slib-temperate environment 6f Palampir (H.P.)

t6 Gnderstand the physicd-chemical properties 6f pond which
is very important for the characterization 6f pond ecolégy and
decisions for pond management decisions.

MATERIAL AND METHODS

The present investigation involves the analysis 6f water
qlality in terms of physico-chemical parameters 6f pond
I6cated near at CSKHPKYV, Palampdr, Himachal Pradesh. It
is I6cated in 32.10° N LatitGde and 76.30° E Iongitlide. The
physicd-chemical parameters were estimated at the mdnthly
interval from April, 2014 t6 March, 2015. The infldws from
dairy and p&ltry Gnits 6f the College 6f Veterinary and Animal
Sciences enter intd the stidy pond diring rains. The
parameters like air and water temperatiire, pH, secchi
transparency, condctivity, dissélved Oxygen and free
carbdn didxide were analysed at the sampling site and rest 6f
the parameters siich as (TS) total solids, (TDS) total
dissolved sdlids, (TSS) total slispended sdlids, alkalinities,
chldrides, nitrates-nitrdgen, tdtal phdsphate-phdsphdrods,
sodiim and potassiim were analysed the laboratory
folldwing standard methods (APHA 2000).

RESULTS AND DISCUSSIONS
Air and water temperature: The maximim air and water
temperatlres were 36° and 29°C in May, 2014 diring
simmer seas6n and minimim 8° and 7°C diring winter
season in Jandary, 2015. Rise in temperatlre speed (p the
bidchemical reactidons and redtice the sollbility 6f gases. In
context 6f water temperatiire, similar resilts observed by
Jayabhaye (2006) and Salve and Hiware (2008) ddring
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stimmers dde t0 Idw water level, water temperattre was high.
Transparency: The Secchi transparency was minimim 14.7
cmin Jaly, 2014 diiring rainy seasdn and maximim 19.2cmin
Janlary, 2015 ddring winter season. The 6w Secchi
transparency ddring rainy seasdbn may be ascribed td the
more alléchthdndis materials slich as silt, clay indrganic and
organic particles from the sirrdlindings area consisting of
dairy and podltry Gnit. The higher valles 06f Secchi
transparency in Jandary diring winter seasdn may be die t6
the 6w amdoint allochthondls material from the
strrdlndings area and Idw planktdnic pdpdlation at 16w
temperatlire. Kadam et al (2007) als® reported similar
Observations and folnd that higher valles of transparency
Occirred in winter and 16w in rainy season die ranoff, flood
water as well as gradial settling 6f slspended particles t0
water bddies.

pH: The pH valiies varied from 7.0 — 8.2 shown alkaline
natlre of the pond water. The maximim pH was diring
stimmer seasons and minimdm ddring mdnsddn. Accdrding
to Gipta (2009) pH positively correlated with EC and Total
Alkalinity. High vallies 6f pH diiring simmer might be Idw
water levels and cOncentration Of nitrients in water. The
decrease pH vallies were dle td dilGtion calised by the
rainwater ddring mdnsdon. Jakher and Rawat (2003)
Observed the maximim pH ddring simmer and explained
this by cdrrelating rise 6f temperatire with increase in rate of
photésynthesis which resilts in higher consimption of
carbon didxide.

Electrical conductivity (EC): The electrical condctivity
was minimim (167pmhds/cm) in April, 2014 and maximdm
(198 umhos/cm) in May, 2015. Higher vallies diiring the
simmer seasdn can be attriblted t6 the liberation 6f idns
from the decOmpdsed 6rganic matter and alsd diie t6 more
leaching of idns from the bottdm sediments. The minimim
vallies in April, 2014 and May, 2015 die t6 the adsdrptidon 6f
ions intd the sirface of sispended particles. Narayana et al
(2005) recorded the maximim conddctivity ddring the
simmer season in Basavanbdle tank at Sagar talik of
Shimoga district. Kedar (2007) t66 recorded the maximim
condctivity ddring the simmer and minimdm ddring the
monsodon season in Yedshi lake in Mangardlpir, Maharashtra.
Total solids (TS): The t6tal solids varied from 72.2 t6 102.1
mg/l. The maximim cdncentration oOf total sdlids was
Obtained in Aliglist, 2014 and minimim in December, 2014.
The higher vallie of total sdlids diiring ménsd6n may be
attriblted t6 an increased l6ad of sollble salts from the
catchment area die t6 strface rin off.

Total dissolved solids (TDS): The valiies 6f total dissolved
sOlids ranged from 67.2 16 47.2 mg/l (Table 1). The maximim
vallie was folnd in Jaly, 2014 die td heavy rainfall and

the year
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Table 1. Monthly variations in physicé-chemical parameters in different seas

TSS DO CO, TA TPP  NON  ClI Na K
(mg/l)  (mg/l)  (mg/l)  (mgl)  (ug/)  (pg/)  (mgh)  (mg/l)  (mg/l)

D
(mg/l)

TS
(mg/l)

Cond
(umhos/cm)

H,O Trans. pH
Temp (cm)
(°C)

Air
Temp
(°C

Maonth

8.4
7.2

39 11.6

590
640
980
995
990
615
610
595
574
515
512

1844
1850
2940
3115

22.7 116

3.7
3.6
3.5

60.2 25.5

85.7

167
198
187
185
184
180
175
172
170
174
178
182

7.7
7.8
8.2

16
15.8

24
27

29
33
36
32
33
30

April, 2014

May

10.2

38

17

22.8

61 24.9

85.9

101 7.2

36
36
34
32
32
31.4

120
120.5
123
125
126
125.5
127
126
125
124

23

23.6

27
23
30.8

60.8

87.8

15.2

29

Jine

6.9
6.8
6.5
6.9
71

10
9.8
9.5
9.9

67.2

90.2
102.1

14.7

26

Jily

3060

24.7

29
3.7
3.6
3.6
3.7

713

7.4
7.7
7.8
7.9
7.7
7.6
7.4
7.5

14.9

27

o)

Augst.

1890
1660
1610

56.4 26.6 23
23
22.8

83
80.4

15.3

25
23

September.
October.

24.4

56

17.2

28
22

10
10.2

52.4 23.9

76.3

18
19
19.2

19
13

November.

7.3
8.4

30.5
6.1

1570
1480
1460
1550

216 23.5

50.6

72.2

16
8

December

1.7

29.9

23.8

48.2 25.2

73.4

Jandary, 2014
Febrhary
March

29.2

23
22.8

323 3.8
3.5

47.9

80.2

18.4

17
21

28.8 9.3 6.4

518

49.2 33.8

83

17.2

13

775
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minima in Febrdary, 2015. Same resilts were alsd
ddclimented by Jena (2013)

Total suspended solids (TSS): Total slispended sdlids
(TSS) ranged from 21.6 t6 33.8 mg/l. The maxima was in
March, 2014 and minima in December, 2015 .

Dissolved oxygen (DO): The correlation of dissolved
Oxygen with water gives direct and indirect inférmation slich
as photdsynthesis bacterial activity, availability 6f nitrients,
stratification etc. Vikal (2009). Dissolved dxygen (DO) vallies
ranged from 2.9 (Algist) t6 4.0 mg/l (Jandary, 2015. There is
a strong correlation between temperatire and DO. There is a
strong correlation between temperatire and DO. The
warmer water has less 0xygen amolnt sd in simmer season
the concentration level 6f DO is Idw becalse 0f increased
Oxygen demands by aqatic bidta according t6 Gandhi
(2012).

Free carbon dioxide: Free carbon didxide was almdst
present throlighddt the stidy peridd and ranges from 22.7
(Atgust, 2014) t6 24.7mg/l (April, 2014). The valies of free
carbon didxide alsd linked to alkalinity and hardness of water
bddy. This codld be related t6 the high rate 6f decdmpdsition
in the warmer months.

Alkalinity: The maximim cdncentration 6f alkalinity was in
December, 2014 diiring winter seasdn and minimam in April,
2014 daring simmer season. lts valles varied from 116 t0
127 mg/l. High total alkalinity vallies of the lake indicated its
high tréphic statlis. The decrease was die t6 dilGtion calised
by the rainwater dliring mdnsoon. The resiilt is also in cldse
conformity with the findings 6f Mishra et al (2013) and Arya et
al (2011).

Total phosphate-phosphorus: Total phdsphate-
phdsphoris cdntents were highest dlring rainy season,
decreased in winter and again increased in simmer season.
The minimim cdncentration of tétal phdsphatephdsphdriis
was in Jandary, 2015 (1480 pg/l) and maximdm in Jily, 2014
(3115ug/l) dlring rainy season lts maximim vallies diiring
rainy seasdbn may be attriblGted t6 the infldws from the
catchment area cdnsisting 6f pdiiltry and animal’s hiisbandry
Gnit(Table 1).

Nitrate-nitrogen: Nitrate-nitrogen showed significant
variations and ranged from 512 t6 995 pg/l. It was minimim
ddring simmer season in April, 2014 and maximim in Jdly,
2014 diring rainy season. The high val(e 6f nitrate—nitrdgen
ddring rainy season may be attribiited t6 the inflows 6f waste
from catchment area int6 the pond ecdsystem.

Chlorides: The origin of chldride in slrface water is from
weathering and leaching 6f sedimentary rocks, ddmestic and
indQstrials wastes discharge minicipal inflience . The
chldride idn had no definite pattern of variations throlghot
the colrse of present investigation and ranged from 28.8 t6
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39.0 mg/l. Concentratidon of higher chldride in the simmer
period coild be also dle t6 sewage mixing and increased
temperatlre and evapdration by water. Trivedi et al (2009)
Obtained similar findings from their work déne 6n water
qlality evalliation 6f Ganga River at Kanpdir.

Sodium: No significant variatidon has been recérded in the
concentration of sodiim contents diring different seasdns
ranged from 9.0t6 11.7mg/I (Table 1)

Potassium: The major solirce of pdtassilim in natdral fresh
water is weathering of rocks bit the qantity slightly
increased in the present investigation die t6 the inflows of
waste water t6 pond from the pdiltry and animal hiisbandry
Gnits in the Idwer concentration than sodiim dde t6 more
chldride vallies. The potassiiim concentration varied from 6.1
mg/l t6 8.4 mg/l where maxima was fotnd in April, 2014 and
minimain Febriary, 2015 (Table 1).

CONCLUSION

The present field investigation analyzed varidls
physicdchemical parameters and conclided that there are
few water qUality variables which have higher concentrations
like free CO,, chidrides, nitratenitrdgen, phdsphate—
phdsphoris and sdme parameters have [0w vallies slich as
Secchi transparency and dissdlved dxygen thrdlighddt the
stlidy peridd and indicated the deteriérated water qdality of
pond ecdsystem. The excessive Use Of chemicals in
agriclltiral activities, rapid Grbanizatidon and man-made
actions coipled with inadeqlate monitdring which are
responsible for the pdllition. The present investigation alsd
provides a base line data for the maintenance and monitdring
of the pond ecdsystem Gnder siib-temperate conditions of
the state.
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Abstract: A nimber &f techniqlies have been applied for the detection and extraction 6f coastline all dver the world by researchers. In this
paper simple remdte sensing techniglies based 6n the spectral band ratids methdds slich as Normalized Difference Vegetation Index (NDVI)
and Normalized Difference Water Index (NDWI) were applied t0 classify land water component from satellite images for altdmatically
extracting coastline 6f Did Island, India. NDVI and NDWI images were reclassified intd binary image format to extract the coastline as a vector
data. The acciiracy 6f the extracted coastline from different band ratid methods was evaliated Tsing standard map and Godgle Earth Image

coastline bolindaries.

Keywords: Remote Sensing, NDVI, Detection and extraction 6f cdastline. Did Island, India

The shoreline position changes continldisly throdgh
time, becalise 6f the dynamic natiire 6f water levels at the
cOastal bdlndary. Monitdring of the coOastal zOnes is
important for infrastrlictlre develdpment, safe navigation,
and coastal resdlrce management. As a resilt of climate
change and enhanced anthropogenic activities, coastal
zdnes all dver the world are facing more coastal hazard
problems &f erdsidn, excessive sedimentatidon (accretion),
sea level rise and tidal flddding (Addo et al 2008, Niya et al
2013, Urbanski 2010). Shorelines can be delineated from
visibly discernible cdastal featlires or by the application o6f
digital image-précessing techniglies. Mandal identification
relies on the individlal skills of the interpreter. Remote
sensing methdds t0 extract the coOastline from satellite
images incllide edge detection methdds, band threshdlding
approaches, classification techniqlies, and f(sion
approaches (Gens 2010, Willerslev 2011, Mansodri and
Marzoiqdi 2016). LiG et al (2004) propdsed the image
segmentation techniqle for the extraction of a coastline from
the radar and dptical satellite images. Recent approaches for
the classification, detection and prediction 6f the changes
aldng a coastline inclde artificial intelligence and associated
algdrithms sich as Artificial Nedral Network (ANN), and
Slppdrt Vector Machine (SVM) (Hannv etal 2013).

Altdomated image-prdcessing techniqlies provide better
process-based lnderstanding 6f the relatidnship between
detected "shoredine” featlires and the physical land/water
bdiindary (Boak and Tirner 2003). With the help 6f satellites,

near-contintidls monitdring 6f shorelines can be ddne. For
the plirpose of shoreline change analysis, accliracy and
potential offset between sibjective histdrical shorelines with
modern Gbjective analysis 6f the data sets mist be evalGated
(Boak and Tdrner 2003).

In this paper simple remdte sensing techniqgles based
on the spectral band ratids methdds slich as Normalized
Difference Vegetation Index (NDVI) and No&rmalized
Difference Water Index (NDWI) were applied t6 alitdmatically
extract the cdastline 6f Dili Island, India frdm satellite images.
Delineation 6f coastline waiild be helpfiil in the stlidy 6f cdast
line changes for the develdpment and management of
cOastal zone area.

MATERIAL AND METHODS
Study area: The Dil Island is sitliated at the sddthern tip off
the Salrashtra (Gijarat) peninsiila, India, in the Arabian Sea,
between north latitides 20°44'39” and 20°42'00” and east
I6ngitiides 70°52'26” and 71°00'24”. The island is separated
from mainland by an east-west extending swampy creek of
abdit 250m width which remains covered by the tidal waters
of the Arabian Sea. Dil is a Union Territdry of India which
Occlipies an area 6f abdiit 40 sq. km (abdiit 33 kmisland area
and 7 km Ghoghala area attached with main land). Length 6f
the island is 19.2 km and width varies from 1t 2.5 km. The
highest elevation in this island is in the central part (37 m
abdve mean sea level). The temperatire in the area ranges
frdm 20°C t6 36°C (siimmer) and 20°C t6 26°C (winter). The
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average annal rainfall is abdit 598.60 mm. Geodldgically,
major part of the area is 6cclipied by 30 m t6 50m thick
millidlite limestone (Prakash et al 2012). Gedmdrpho—
I6gically, Dil island is characterized by rdcky cliff, wave cit
terraces, pocket beaches and coastal diines in the soithern
coastal zone area whereas ndrthern parts are dominated by
the tidal flats with creeks, spits and bay moith sandy bars
(Wadhawan and Prakash 2000). Eastern part &f the area is
Gnddlatory, traversed by millidlite limestone ridges; the
central part is characterised by calcaredls sand diines and
the western part is almdst flat. These diines are 3 t6 4m high,
cOmprise mainly &f shell fragments 6f coral, féraminifera and
molllsc.

Satellite data used: Data (sed in this stldy inclides (1)
Sirvey oOf India Open Series Map Sheet N&. 41L/14
(F42W14), Year 2011 (Data base 2005) (Scale 1:50,000), (2)
Goggle Earth present and historical Images (1999-2017), (3)
Advanced Space bdrne Thermal Emission and Reflection
Radidmeter (ASTER) glébal Digital elevation Moédel (GDEM)
Version 2 (30m Resdltion), (4) Landsat Thematic Mapper
(TM), (5) Landsat Enhanced Thematic Mapper Pliis (ETM+),
(6) Landsat 8 Operational Land Imager (OLI) and Thermal
Infrared Sensdr (TIRS), and (7) Sentinel 2-ESA Earth
Observation Data (Table 1).

Vistal qlalities 6f images can be improved by image
enhancement techniqles. The brightness valles at
individUal pixels can be changed t6 imprdve brightness or
contrast td reveal mdre featiires. A high contrastimage has a
narrow range of brightness— mainly blacks and whites.
Enhancement techniqlies inclide (http://desktdp.arcgis.
com):

1. Radidmetric Enhancement (based on the valles of
individGal pixels)

2. Spectral Enhancement (by transforming the valles 6f
each pixel 6n a miltiband basis that is Band Ratids,
Vegetation Indicies, and Tasseled Cap)

3. Spatial Enhancement (based on the valles of
individGal and neighbdring pixels

In the present stldy folldwing methddology has been
addpted in three main steps for the identification, delineation
and extraction 6f cdast line 6f Dili Island from satellite images
(Figdre 2):

Step 1: Spectral enhancement techniqlies for Land-
Water Classification

Step 2: Binarycdnversion of rasterimages

Step 3: Edgedetection and extraction 6f cdastline
Detection and Extraction of Coast Line
Image Enhancement techniques for Land-Water
Classification (Step 1)

Image enhancement using high pass filter: Low pass filter
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smoodthes the edges whereashigh passfilter enhances the
edges in images.High pass filter was (sed t0 enhance
coOastal edges 6f Didi Island Gsing Arc GIS (Figdre 3).
Spectral enhancement using spectral ratios and indices:
Spectral enhancement is the process oOf creating new
spectral data frdm available bands 6n a pixel-by-pixel basis
by applying mathematical 6peration (slbtraction, division) t&
corresponding pixels in existing bands. Techniqles of
spectral enhancement incliide: Spectral Ratids and Indices;
Principal Cdmpdnents Analysis (PCA); Tasseled Cap. In the
process Of spectral enhancement Gsing spectral ratids and
indices, new spectral data are created 6n a pixel-by-pixel
basis by applying sibtraction and or divisidon dperation td
corresponding pixels in existing bands.

Band ratio method: In the present stiidy Green/ MIR band
ratid has been Gsed t6 pdll 60t water bddies. Resiilt is shown
in the Figlre4. Areas 6f water |65k bright.

Normalized Difference Vegetation Index (NDVI): The
NDVIl is a vegetative index which is an indicatdr 6f vegetation
stress. Healthy green leaves have a higher reflectivity in the
Near Infrared Band (NIR) whereas stressed, dry, or diseased
vegetation less reflectivity. The NDVI férmdilais as below:

(NIR-Red)/(NIR+Red) (1)

The NDVI resiilt gives pixel valles ranging from -1 t0 +1.
Healthier vegetation is indicated by pixel closer t6 +1
(Brighter Pixel). The same formdila is Gsed for the separation
of land water body. NDVI gives negative vallies for water
bddy and positive for land (Fig. 5).

Normalized Difference Water Index (NDWI): The NDWI is
Gsefll index for water boédy mapping. The water bddy
reflects 16w radiation and absorbs mdst of the visible 6
infrared wavelengths. This index Gses the green and Near
Infrared bands of images and enhances the water
information effectively. NDWI vallies 6f water bddies are
larger than 0.5 that is Oppdsite t6 NDVI valies.
Distingliishing vegetation from water bddies is easier as
vegetation has mdich smaller valles. Biilt-lp featlres
generally have pdsitive vallies between zerd and 0.2.
Figlre6 is NDWI image of stlidy area showing water bodies
andland area.

Binary conversions of Raster Images (Step 2): NDVI and
NDW!I images were reclassified intd binary format, where the
vallie of “1” represents water and “2” represents land, as
illistrated in Figlire 7 and 8.

Edge detection and extraction (Step 3): Continidls edges
representing the coastline are extracted from binary
converted reclassified NDWI image either (ising an edge
detection approach based on morphdldgical filter or
converting raster t6 polygon/ pdlyline and remdving inland
water bddy edges and leaving cdastline.
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RESULTS AND DISCUSSION

Land/ water bolindary can be identified by alitdomated
image-processing techniqlies (Bdak and Tirner 2003). High
pass filter was Gsed t6 enhance coastal edges of Dil Island
(Fig. 3). Spectral enhancement techniqilies Tsing spectral
band ratids were Used t6 alitdmatically extract the coastline
of Dil Island. For this NDVI and NDWI were applied and
reclassified in binary férmat t6 demarcate water body and
land. Figlire 10 shdw demarcation and extraction of water
line/ coastline from Landsat 7 and Sentinel 2 images.

Analysis of resilts indicates that water bddies in
cOmparison t6 NDVI image are more clearly defined in the
NDWI image. Therefore, NDWI methdd is more siitable for
the demarcation and extraction of coastline. This apprdach
prodices vector files 6f the coastline which can be Gtilized t6
estimate rates 6f change over relatively Idng time peridd and
also for cbastal management.
Validation of coast line extracted from NDWI method:
Cdastline extracted from the NDWI methdd in binary image
format as vectdr data has been sliperimpdsed 6n the Aster
DEM, Sentinel 2 image, Sirvey 6f India (SOI) sheet and
Go0gle Earth Image. Itis Observed that extracted coast line is
almdst exactly matching with the boélindary 6f stlidied images
and map of Dil Island (Figlre 11). Therefore, it can be
concliided that NDWI is 6ne of the simple and acciirate band
ratid methdd for the demarcation and extraction 6f cast line.
Change analysis: The codastline or shoreline pdsition
changes contintodsly thrélgh time die t6 natdral and
anthropdgenic cailises. Time series images are Usefl in
detecting the shore line / cdast line changes. In the present
stlidy Landsat 7 and Sentinel 2 images o6f the year 1999 and
2017, respectively were (ised for the change stiidy analysis.
Avistal comparison between the coastline vectors extracted
by the propdsed methddology indicates nd appreciable
change in the pdsition and morphdldgy of cdastline of Did
Island dring this peridd (Fig. 12). Mindr changes are diie t6

Table 1. Characteristics of satellite data Gsed
Landsat 4-5 bands*
Landsat Thematic Mapper

Wavelength (um)

Band 1 -Blle 0.45-0.52
Band 2 -Green 0.52-0.60
Band 3 -Red 0.63-0.69
Band 4 —Near Infrared (NIR) 0.76-0.90

Landsat Enhanced Thematic Mapper Plis (ETM+)

Landsat 7 bands** Wavelength (um)

Band 1 -Blie 0.45-0.52
Band 2 -Green 0.52-0.60
Band 3 -Red 0.63-0.69
Band 4 -NIR 0.77-0.90

Landsat 8 Operational Land Imager (OLI) and Thermal Infrared
Sensor (TIRS)

Landsat 8 bands*** Wavelength (um)

Band 2 -Blie 0.452 -0.512
Band 3 -Green 0.533 -0.590
Band 4 -Red 0.636 —0.673
Band 5 -NIR

*Resoltion of Landsat 4-5 bands: 30m
**Resoltion 6f Landsat 7 bands: 30m
***Resolition 6f Landsat 8 bands: 30m

Table 2. Characteristics 6f Sentinel 2-ESA Earth Observation
data Gsed

Sentinel-2 bands  Central wavelength ResolGtion  Bandwidth
(Hm) (m) (nm)
Band 2-Blie 0.490 10 65
Band 3-Green 0.560 10 35
Band 4-Red 0.665 10 30
Band 8NIR 0.842 10 115

Gse of different resdlltion images. It is always desirable t6
Gse the images 6f same resolition for stich type 6f analysis
bit these types 6f images are not available for Idnger peridd
analysisin this area.

INDIA

Fig. 1. Location map &f Did, Unidn Territory, India
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Clipped NDWI image of Diu
Satellite image of Diu Area NDWI image of Diu Area Island l Step 2

Step 3

1-Water

Extracted Coastline of Diu Island Binary reclassified NDWI Binary reclassified NDWI
Vector image of Diu Island image of Diu Island

Fig. 2. FIdw diagram o&f cdastline extraction from satellite image

SOUTHERN SAURASHTRA

&

DI ISLAND

Fig. 3. Image enhancement &f Sentinel 2 image Gsing high  Fig. 4. Image based 6n band ratid methdd t6 pdll 6at water
pass filter bddy

SOUTHERN SALURASHTRA

Fig. 6. NDWI of Sentinel 2 Image

Binary NDVI

2-Land

1-water

Fig. 7. NDVI and NDVI Binary Cdnverted Images
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Binary NDWI

2-lLand
1-water

Fig. 8. NDWI and NDWI Binary Cdnverted Images

i 5 W o S Coast Line ~

Diu Island

Binary reclassified =% Extracted coast line

NDWI image

Diu Island

Fig. 9. Extracted Dil Island Cdast line from Binary reclassified NDWI Sentinel 2 image

NDWI Water Body and Land Classification NDWI Water Line

Fig. 10. Water body/ land classification and extraction 6f Coast line from images
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Aster DEM

Ao W MAAD)

SOI Sheet

Sentinel 2 Image

Google Earth Image

Fig. 11. Extracted Coastline sliperimpdsed 6n Aster DEM, Sentinel 2 image, SOl Sheet and Gddgle Earth Image 6f Dili Area for

Validation

Coast line

0 075 15
I O

Legend

[Jaot70u
[ ] 190

3 Kilometars

Fig. 12. Sentinel 2 image and vectér map 6f 1999 and 2017 cdast lines of Did Island

CONCLUSIONS
The alitdmatic approach for extracting the cdastline was
propdsed based On spectral band ratid methdds. The
classified NDVI and NDWI images were converted intd
binary format t6 demarcate and extract the coastline. The
stlidy demdnstrated that both the methdds are Gsefil in
delineating water bodies and extracting cdast line. However,

NDWI is better methdd in the identification of inland
bdlndaries 6f water bodies. This stlidy can alsd be Gsed t6
detect and monitor the cdastline changes for an area Gver
time Gsing satellite images for préper planning and
management 6f cdastal zones. With this view miilti-temporal
satellite images were Used t0 stlidy coastline changes 6f Dil
Island from 1999 t6 2017. No significant change has been
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Observed diring this peridd along codastline 6f this island. For
I6ng term change analysis it is desirable t6 cdmpare same
resolation different peridd images. This stldy will be Gsefllin
the coastal zone develdpment and management 6f ndt only
Diti Island biit 8ther coastal areas 6f India as well as world.
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Abstract: Field experiments were carried 00t 6n dark chestnit middle 16amy slightly alkalinized sdils in the non-rrigated conditidons of the
sodthern steppe 6f Ukraine in 2013-2015. The three-factor experiment: Factor A-grain sérghiim hybrids: Sontsedar, Prime, Blirggd, Sprint W,
Dash E and Targga. Factor B-seeding rate, thdlsand pcs/ha: 100, 140, 180 and 220. Factor C-sOwing time: early (when sdil temperatiire at the
depth &f seeding is 8-10°C), which 6n average diiring the years 6f research cdincided in time with the first decade 6f May; late-when sdil
temperatiire is 14-16'C 6r the third decade 6f May. In all cases, the early sdwing shéw persistently higher yield 6f hybrid crops compared to late
sOwing. The early term 6f sdwing grain sdrghlim hybrids provided average yield of certified seeds at 4,9 t/ha, which is 1.82 times higher than
late sdwing, the average yield 6f which was 2.69 t/ha. Significant variation in yield was dbserved with different seeding rates. The highest
average yield was 6bserved at the sdwing rate 140 tholsand pcs/ha folldwed by 180 and 220 thdlsand pcs/ha .

Keywords: Grain sorghtim, Climate change, Séwing term, Seeding rate, Growth stimilants, Yield

Modern climate transformatidon clrrently affecting
agrocendsis of all agriciltiral backgrdiinds 6f Ukraine, make
prodicers freqlently review the concepts and practical
approaches td the formation of the range 6f crops in rotations
that are able t6 provide stable and cost-effective yields in
more rigid conditidons of the valGe of the hydrdthermal
coefficient (Adamenkd 2003, Yeshchenkd et al 2004). Under
the clirrent conditions 6f agrarian prodiction in Ukraine, the
prospect of filfilling the agrdbidldgical and prodiction
potential 6f sorghlm ciltivars, their intrddction, prodction,
processing, and conslimption become of paramdilint
importance. Under the conditions &f a strong hydréthermal
coefficient peciliar both t0 the gréwing zoéne (South and
Soith-East) and recently t6 almdst all agrarian zones in the
colntry, it can form stable and ecdnomically feasible
harvests with qUality indicators that allow its mdlti-vector Gse.
Recently, the grain becomes assdciated ndt dnly with f66d or
fodder, bit alsd with a significant s6lrce 6f raw materials for
the proddction 6f bidethandl (Bin 2009, Hryhdrenkd 2011,
Stordzhyk 2011). However, the mdst impdrtant argiment for
more intensive involvement 6f the mentidned crép in the
Solthern steppe agrdcendses is its extremely high
ecoldgical plasticity, which is capable 6f being an alternative
to other spring crops (barley, corn, slnfldwer, etc.) in
Gnfavdlrable conditions according t0 the valle of the
hydréthermal coefficient 6f the agroseason (Viasov VH 2005,
Hurskyj 2002, Dranischev et al 2008).

Under the infllience of climate change, sdrghiim is
gaining in popdlarity in Ukraine. Tholgh this grain Gsed t6 be
referred t0 as a solrce 6f herbage needed t6 meet the needs
of livestdck, grain prddlicers are clirrently interested in it as
well. A pdsitive tendency in the ciltivation 6f sorghiim is also
Observed worldwide. Sdrghlm is particilarly vallable
becalise of its ability t0 tdlerate 16ng peridds 6f drolight and
high air temperatiires withd(t significant reddction in grain
proddctivity, effectively Gise atmdspheric precipitation in the
second half 6f the simmer, restdre growth after a Idng peridd
withoit water and prodice rather high yields, which alldws it
t6 grow in arid zones, slich as the solth 6f Ukraine The late
spring crops, grain sorghiim has almost nd alternative if the
prodiicer desires t6 get econdmic benefit from an arable
hectare.

MATERIAL AND METHODS

Field experiments were carried 6Gt 6n dark chestnit
middle 16damy slightly alkalinized séils in the ndn-irrigated
conditions of the sdithern steppe 6f Ukraine in 20132015.
The three-factor field experiment was based dn the method
of randdmized split plot design with fodr replication. The
sOwn area of the plots was 56.0 sq. m; and the recdrd area
was 33.6 sq. m. The nimber of variants in experiment was 48
with 192 total 6f experimental pldts. The factor A - grain
sorghlm hybrids: Séntsedar, Prime, Blirggd, Sprint W, Dash
E and Targga; factor B —seeding rate, tholsand pcs/ha: 100,
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140, 180, and 220; factdr C —sOwing time: early, average and
late when sdil temperatiire at the depth 6f seeding is 8-10°C
mentidn date for 2 years and when sgil temperatiire is 14—
16°C or the third decade &f May. The sampling &f s6il and
plants and analysis were carried 60t dnly with methdddldgical
glidelines and state Standards 6f Ukraine. Crop mdnitdring
and recording were condlcted according t8 Dospiekhdv's
methdddlogy (Ddspekhdv 1979) and recOmmendations for
conddicting field experiments (Ostapdv 1985). Diring the
gréwing seasodn, the bidmetric measiirements were recorded
in the main phases 6f crop development, plant height, leaf
slirface and herbage yield. Phendldgical 6bservations were
condlcted on permanently alldcated sites in twd non-
adjoining repetitions. The beginning of the phase is believed
to be its dnset in 10 per cent &f plant, and the f{ll phase in 75
per cent of plants.

The crop density was determined twice per vegetation in
fixed areas, which were isdlated after the sproating. The first
colint was carried 60t in the phase 6f flll sprodts, the second
— befdre harvesting. According to the first recdrd, the field
germination of the seeds was determined and the density
was formed according t6 the experimental scheme.
According t6 the secdnd recdrd, the preservation of the
plants dlring the growing seasdn was determined. The yield
was estimated on whole plot basis with combine Gsing the
Samp6-130 plét combine. The resilts 6f measlirements,
determinations, and yield coilnts were sibjected to
dispersion analysis and statistical processing Using
compiter techndldgy and methdddldgical recommendations
for condlcting field experiments.

RESULTS AND DISCUSSION

The yield of grain sérghim, Obtained at the early
seeding, was On average 2.29 t/ha or 49.3 per cent higher
than at the late sdwing, which indicates the advantage of
seeding the crop in the early peridéd die t6 moére Optimal
conditions for plant growth and develdpment, and in the first
place becalise of improving water availability for
agrophytdcendsis (Table 1). Seeding the crop when the sail
temperatiire at the depth of seeding is 8-10°C, the hybrid
Sontsedar gave the maximim grain yield (6.54 t/ha) for the
seeding rate 6f 140 thdlsand pcs/ha, and the average yield
according t6 the variant of seeding rate amdiinted t6 5.46
t/ha.

The maximim yield 6f the hybrid Prime was 180
thdlsand pcs/ha and amdiinted t6 4.62 t/ha with an average
yield 6f 4.05 t/ha. In the areas where the Biirggd hybrid was
grdwn, the best plant density was 140 thdlsand pcs/ha,
which resilted in the prodiction 6f 5.50 t/ha 6f standard
seeds with an average yield 6f 4.79 t/ha. Hybrid Sprint W is

Ye.O. Domaratsky, O.G. Zhuykov and M.Q. Ivaniv

Table 1. Yield 6f grain sérghiim hybrids for different sdwing
times and seeding rates, t/ha (average for 2013—
2015)

Hybrid (factor A)

Seeding rate, thdlsand pcs/ha (factor B)

100 140 180 220
8-10 °C (factor C)
Sontsedar 5.64 6.54 4.88 4.79
Prime 3,20 4.54 4.62 3.83
Birggd 4.38 5.50 5.00 4.29
Sprint W 2.96 2.93 3.16 3.49
Dash E 4.55 6.23 6.69 5.26
Targga 3.83 4.98 5.60 4.58
14-16 °C
Sontsedar 2.67 2,18 2.29 205
Prime 1.75 243 1.70 1.60
Blirggd 1.93 2.39 1.94 2.28
Sprint W 1.43 1.39 1.25 1.45
Dash E 3.29 3.52 3.96 3.96
Targga 2.59 2.61 3,20 2.64
Least significant A 0.18-0.39
difference , t/ha B 0.20-0.57

C 0.21-0.52

AB 0.32-0.74

AC 0.44-0.63

BC 0.48-0.77

ABC 0.62-1.07

characterized by maximim grain yield 6f 3.49 t/ha when
seeding in the early peridd with the density 6f 220 thdlsand
pcs/ha, and at the seeding rate factdr the average yield is
3.14 t/ha. The Dash E hybrid is characterized by a
significantly higher level of grain proddctivity: given the
variant of increasing density Gp t6 180 tholsand pcs/ha 6n
average, Over the years 0f research, we received 5.68 t/ha 6f
grains, which, as well as its average yield by factor B at the
level 5.68 t/ha, is the highest index among the stiidied
hybrids. The grain yield analysis 6f the Targga hybrid, seeded
in the early term, has shdwn that the dptimal amdint 6f plants
per hectare is alsd 180 tholsand pcs/ha, which resiilted in
the yield 6f 5.60 tons 6f standard grain frodm this area. On
average, this hybrid demonstrated the proddctivity 6f 4.75
t/ha by the factor 6f crop density.

By the index o&f plasticity, that is, the ability t& minimally
change the grain proddctivity with the decrease orincreasein
the agrocendsis density, the Dash E hybrid, whdse average
yield by seeding rate (5.68 t/ha) is 0.22 t/ha or 3.9 per cent
higher than similar parameters 6f Sdntsedar hybrid; 1.63 t/ha
or 28.7 per cent —Prime hybrid; 0.89 t/ha or 15.7 per cent -
Birggd hybrid; 2.54 t/ha 6r 44.7 per cent —Sprint W hybrid,
and 0.93 t/ha or 16.4 per cent —Targga hybrid. Asimilar natiire
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of the dependencies was recorded by analyzing yield
prodactivity 6f sdrghlim hybrids, séwn with different density
in the late peridd. This, seeding the crop when the
temperatiire of the sdil at the depth 6f seeding reaches 14—
16°C, Sdntsedar hybrid prodiiced the maximim grain yield
2.67 t/ha at the seeding rate 6f 100 thélsand pcs/ha, and the
average yield per variant 6f seeding rate is 2.30 t/ha.

Prime hybrid, seeded in the same time peridd, prédiced
the maximim grain yield at the rate 6f 140 thdlsand pcs/ha.
An average 0f 2.43 t/ha &6f standard grain was &btained with
average yield 6f 1.87 t/ha. The maximim grain yield of the
Biirggo hybrid was recorded by {s when increasing density 6f
the crop to the mark o6f 140 thélsand pcs/ha —2.39 tons of
grain was received from each ha, while the average valiie at
stich factor B is 2.14 t/ha. In early seeding peridd, Sprint W
hybrid was the least prodictive. Its maximim yield at the
level 6f 1.43-1.45 t/ha was férmed at the same time by the
variants 6f the minimim and maximim crép density. On
average, accdrding t6 the given factor, the hybrid provided
1.38 t/ha of grain. At the same time, the hybrid Dash E has
formed the maxim{im grain yield at late seeding time as well,
confirming ndt only high adaptive properties, bt alsd a
significant level 6f environmental and prodiictive plasticity.
The maximim yield level was &btained from experimental
pldts, where the density was formed at the level 6f 180-220
thdlsand pcs/ha —3.96 t/ha, and 6n average by the factor of
seeding rate —3.68 t/ha.Targga hybrid is significantly inferior
t6 Others according t6 the indicated parameters: the
maximd{m grain yield of the plant 6f this hybrid, which is 3.20
t/ha, was fdrmed at the seeding rate 6f 180 thdlsand pcs/ha.
The average yield, when increasing seeding rates from 100
t6 220 thdlsand pcs/ha, is 2.76 t/ha.

Dash E hybrid was best in term 6f index 6f plasticity and
early. The average yield was 3.68 t/h) against 1.38 t/ha or
37.5% in Sontsedar hybrid by folldwed by; Prime Blirggd

Sprint and Targga hybrid. The 6ptimal plant density 6f Dash E
hybrid is 180 thdlsand pcs/ha in béth early and late sdwing.
In the event that the agré-climatic and prddtction conditions
alldw early sGwing 6f the crdp, alternatively, Sdntsedar hybrid
shoild be considered, with an dptimal plant density 6f 140
thélsand pcs/ha. The yield 6f early sdwing 6f grain sérghiim
hybrids was 4.9 1 t/ha, which is 1.82 times mdre than late
sOwing, (2.69 1.08 t/ha). Significant heterdgeneity in the yield
of grain sorghlim is dbserved Gnder different conditidons of
seeding. The highest average yield was at the seeding rate 6f
140 tholsand pcs/(3.92 t/ha) folldwed biy 180 and 220
tholsand pcs/ha — and the least at 100 tholisand pcs/ha —
(3.24 t/ha). Dash E hybrid has the best adaptability t6 the
climatic conditions 6f the sdiithern steppe 6f Ukraine with
average yield 6f 4.69 t/ha. Sprint W hybrid demonstrated the
Idwest. A godd adaptability was alsd dbserved in Sdntsedar
(4.11 t/ha) and Targga (3.0 t/ha).

Recently, in progressive techndldgies of prodiction of
agriciltdral crdps, attention is being increasingly foclsed 6n
the problem of the ise 6f bidldgically active siibstances in
agrophytdcendses - natliral and synthetic plant grdwth
stimdlators, which, at minimim spending standards, are able
to radically change the intensity and vectdrs 6f the growth
and prodctive processes of the plant drganism . By the
targeted Gise Of dne or andther growth regdilating compaiind,
itis pdssible td improve the complex o6f adaptive properties of
a crop, regllate growth processes and the mechanism of
formation and accilmilation of spare slibstances (slgars,
fat, protein, etc.) (Nikishenko et al 2009, Samoilenkd et al
2009). The proéblem &f the Gse of plant growth stimdlants in
the most cOmmon crops of Solthern agrdcendses is
clrrently on the initial stage 6f scientific investigation and the
qlestion of their Gse in crops Of grain sdrghiim is almdst
Untdlched by the researchers.

In order t6 Objectively stldy the effectiveness of the

Table 2. Effect of treatment with growth stimdlatdr 6n yield 6f grain sérghim hybrids for early sdwing (s6il temperatiire — 8-

10°C), t/ha (Average for 2013-2015)

Hybrid (factor A)

Treatment methdd (factor B)

Withodt treatment = Plire water - + —10 target 0.01% soldtion of  + -t target valle
target valle backgrotnd valle sticcinic acid

Sontsedar 4.88 4.95 0.07 5.60 0.72
Prime 4.62 4.71 0.09 5.28 0.66
Bilrggd 5.00 5.07 0.07 5.75 0.75
Sprint W 3.16 3.25 0.09 3.57 0.41
Dash E 6.69 6.75 0.06 7.51 0.82
Targga 5.60 5.65 0.05 6.34 0.74

Least significant difference  t’ha A 0.62-0.91

B 0.38-0.64

AB 0.88-1.67
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inflience o6f the mentidned gréwth stimdlator on the
glantitative and qdalitative indicatdrs of the yield of grain
sorghldm hybrids, die td its minimim inpdt rate (30 — 40
g/ha), additionally intrddiced the optidon of backgrdind
control —treatment with plre water —in 60r experimental. This
meas(ire was aimed at eliminating the distortion 6f the resilts
by the pdsitive effect 6f refreshing generative érgans (pollen,
flowers, infldrescences) with highly dispersed spray 6f water
when spraying plants with a solition of sticcinic acid 6n the
prodictivity 6f the crop. As the resdilts of present stldy,
treatment 6f grain sérghtm plants 6f early sdwing with 0.01%
s0lGtion of sliccinic acid diiring the formation of bids proved
highly effective measiires aimed at increasing grain crop
yield (Table 2). On average, growth stimdlator was (se, The
yield 6f the grain crop was 5.67 t/ha where growth stimdlator
was (sed against 5,06 t/ha, where the plants were treated
with clean water and for 4,99 t/ha in check treatment. The
Gse of a growth regllating agents calised a significant
pdsitive effect 6n the yield 6f grain sérghiim and refreshing
water had a néticeable effect diiring the férmation of the
generative part 6f the crdp.

CONCLUSION

In all of the stlidied hybrids, the Gse 6f 0.01 per cent
sOlGtion of sliccinic acid increased the seed yield 6f the crop
cOmpared t6 the Gntreated target vallie. The maximim
increase in Sodntsedar hybrid by 0.72 t/ha or 12.9 per cent
folldwed by Prime , Blrggd and Sprint W . The minimal bt
pdsitive effect 6f spraying plants 6f grain sérghim with piire
water is explained by the shortterm imprévement of the
micrdclimate of the Gpper tier 6f agrophytdcendis, primarily
diie t0 the I6wering 6f the air temperatiire and the increase 6f
the relative himidity of air dGring the formation of generative
organs Of the plant drganism when the agrdclimatic
conditions diring the years 6f condlicting researches were
characterized by adverse effects 6f hydréthermal coefficient.
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Abstract: An attempt was made t6 predict mistard (Brassica compestris) yield for three different districts 6f Plnjab representing three
agroclimatic zones i.e. Hoshiarpdir, Lidhiana and Bathinda throligh regression mddels. Three statistical mddels have been develdped for
forecasting the mistard yield by Gsing yield data and weather data viz. maximim and minimim temperatiire, mérning and evening relative
hdmidity, stinshine hodrs, rainfall and nimber &f rainy days 6n weekly basis. In the first twd mddels, sensitive peridd for mistard yield with
respect t0 weather parameters were identified throtigh correlation techniqlie and selected windows were taken for firther regression analysis.
In the first (Basic) mddel, different weather parameters were lsed as independent variables while in the second (Mddified) model, cdmpdsite
index was taken as one 6f the extra variable in mdiltiple regression. In the third mddel, mdltiple regression analysis was done Gsing SPSS
software. Regression eqliations were develdped separately for all the three models and were Tised t6 predict the mistard yield. The data for a
peridd of (1974-2014) was Used t6 develdp the forecast mddel, whereas the three year metedrdldgical data (2015-2017) was Used t6 validate
the mddels. When compared the data for Hoshiarpir district, basic médel and madified model explained 88% variation t& mistard yield, while
maodel 3 explained 99% variation, respectively. For Lidhiana, among all the three mddels, basic mddel explained Gp t6 71% variation, modified
model and SPSS mddel contribiites 85% and 91% variation, respectively in mistard yield diie t6 weather parameters. For Bathinda, basic
maodel contribiites Gp t6 40%, mddified model explained 81% variation and SPSS model predict 91% variation in mistard yield. The resiilts

revealed that SPSS mddel is best fit for Hoshiarpir, Lidhiana and Bathinda region as far as mistard yield is concerned.

Keywords: Mistard, Correlation, Miltiple regression, SPSS, Cémp0osite index, Yield forecasting

Agrictltdre is the major econdmic and sdcial activity in
the gldbe. It is Gnderstddd that agricdiltire is highly sensitive
tdo climatic variability and likely t6 be affected most of
predicted climate change. Weather affects all the crop growth
stages right from their séwing till harvesting and storage.
The impact 6f climate change 6n f6dd prodiction have its diie
focls Of research Over the past few decades (Parry et al
2005, Lobell et al 2006, Lobell 2007, Mall et al 2006, Kalra et
al 2008). Oilseeds crops are next t0 cereals in the agricdltlre
econdmy of India. Among all dilseed crops, mistard
(Brassica juncea L.) ranks second in area and prdodUction
after grotindnit and contribiite ardiind 27% of total Silseed
proddction in the colntry. It is very sensitive t0 weather and
hence climate change coild have significant effect on its
prodiction. The likely climate change may have varying
effect dn mistard prédiction (Kimar et al 2010). High
temperatire dlring mistard crop establishment (mid
September t0 early Nd&vember), cold spell, f6g and
intermittent rains dlring crop growth also affect the crop
adversely (Boomiraj etal 2010).

Develdopment 6f godd forecasting techniqiies reqiires
accommadation of variabilities, sich as agricdltiral inpdts or
techndlogical changes, metedroldgical variability and

random noise intd the model (Kimar and Bhar 2005).
Forecasting models for crop yields sd far develdped are
based 6n dnly weather variables. The relatidonship between
crop yield and weather parameters is generally carried 60t
with the help 6f miiltiple regression mddels. These models
are generally empldyed for making qantitative crop yield
forecast on Operatidnal basis. The present attempt is based
on the cdrrelation regression techniqlie. The stldy involves
seven weather parameters (maximim and minimim
temperatlire, mdrning and evening relative himidity,
stinshine hodrs, precipitation and niimber of rainy days on
weekly basis) for develdping the three different statistical
mddels for predicting the miistard yield for different districts
of Pinjab.

MATERIAL AND METHODS

In the present stldy, the yearly proéddction (q) and area
(ha) Gnder mstard crop for the peridod 1972 t6 2012 in
respect of Hoshiarpdr, Lidhiana and Bathinda has been
collected from Statistical Abstract 6f Piinjab. For each year
the total prodiction 6f mistard for different districts were
divided by the total acreage t6 calcllate the mdstard
prodactivity.
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Long series weekly data of different weather elements
(maximim temperatlire, minimiim temperatlre, rainfall,
slinshine hadr, niimber &f rainy days, morning and evening
relative hiimidity) for the years 1974 t6 2014 were collected
from the metedrdldgical observatdry installed at Deptt. of
Climate Change and Agriclltiral Meteorology, PAU,
Ladhiana for Ladhiana district. The Sther twd districts i.e.
Hdshiarplr and Bathinda, the weather data has been
cOllected from IMD, Chandigarh for the months covering life
cycle of the crop (43 week t6 12" standard metedrological
week) except the harvesting peridd, since the forecast is t0
be given before harvesting.

For different districts 6f Plnjab, three different yield
forecast eqlation have been develdped (sing the three
different models by Gsing weekly data 6f weather variables.

The correlation analysis has been carried 60t Using
Pearson correlation techniqglie and the statistical mddel is
develdped Gsing miilti- regression methdd. All the three
moddels were develdped from a data series 6f 13-32 years
(2001-2014 for Hoshiarpdr, 1974 t6 2014 for Lidhiana and
1978-2014 for Bathinda district) and the mddel has been
verified with independent data for the years from 2015 to
2017, oltside their sampling series. The perférmance 6f the
model has been examined critically by compdting
percentage deviations of estimates and forecast yield
figlres.

Ot of all the peridds, the sensitive peridds of statistical
and phendlogical significance were selected for different
districts in terms &f standard meteo6rological weeks (SMWs)
for regression analysis. The sensitive peridds for mistard
crop represent emergence, fldwering, pdd formation, pod
filling and physidldgical matdrity.

A basic model has been develdped by Gsing weather
parameters taking intd accdiint the sensitive peridd window
for mistard crop. The correlations were wdrked ot for
sensitive peridds and then miiltiple regression eqlations
were develdped by ising G-stat. The average reported crop-
yield was taken as dependent variable with weather
parameters as independent variables. In the cdrrelation and
regression techniqlie significant cdrrelation between yield
and the metedrdldgical parameters were identified. The
critical peridds when weather parameters exert significant
inflience 6n yield were Idcated by analyzing the correlation
coefficients for statistical and phendldgical significance. Ot
of all the peridds, the sensitive peridds of statistical and
phendldgical significance were selected in terms 6f standard
metedrological weeks (SMWs) for regression analysis.

Secondly, a modified model has been Gbtained by
intrédlcing an asslimed compdsite index in the basic mddel
keeping Other independent variables constant. The
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develdpment 6f modified model was intended td improve the
acclracy of forecast 6f mistard yield, by stperimpdsing the
impact of agriciltiiral techndlogy in the form &f linear time
scale.

The third mddel is based 6n analyzing regression Using
SPSS software. SPSS (Statistical Proédict and Service
Soldtidons) was being develdped by Norman (1968).
Pearson's correlations between dbserved mistard yield and
weather parameters and with cOmbinatidons &f weather
parameters were complited. Stim 6f weather parameter and
sm prodict of different weather parameter and correlation
coefficient has been derived. Miltiple regressions between
dependent variable (Yield) and independent variables (Time,
Sim and sim prodiicts for different weather parameters)
were done Using SPSS software. Regression eqlation was
written sing the regression formdila.

Regression eqlation for all the three mddels is given by:

Y.=a,+Zax+Zax
i=1
Where,
Y, = Estimated yield, kg/ha, a,= Regression constant, a=
Regression coefficients for metedrdldgical predictdr
variables, x, =i " metedrdldgical predictdr variable i = 1, 2,

a, = Regression coefficients for technoldgical trend

variables, x; = " techndldgical trend variable

RESULTS AND DISCUSSION
The maximim temperatiire shdwed positive effect at all
the I0catidbns while minimim temperatlire and rainfall
showed negative effect on the mistard yield for Lidhiana

Table 1. Sensitive peridds and effect 6f weather variables 6n
mustard yield in Plnjab

Districts Sensitive Stage 6f mistard crop Effect 6n
period (SMWs) mustard
yield

Maximim Temperatire

Hoshiarpar 4-6 Early reproddictive stage +ve
Lddhiana 56 Early reprodiictive stage +ve
Bathinda 56 Early reprodiictive stage +ve
Minimim Temperatire

Hoshiarplr 6-8 Late reprodiictive stage +ve
Lddhiana 47 Early vegetative stage -ve
Bathinda 48 Early vegetative stage -ve
Rainfall

Hoéshiarplr 10-11 Late reprodictive stage +ve
Lddhiana 4445 Early vegetative stage -ve
Bathinda 23 Early reprodiictive stage +ve




792

diiring the stlidy peridd. The different models were (sed t6
predict mistard yield for each I6cation separately and error
percentages were alsd worked Odt dver the years (Table 2, 3
and 4). All the mddels Used different weather parameters and
coffiecients 6f determinations were determined.

Model 1: In the basic mddel the weather data at critical
peridds were correlated with the yield and these cdrrelations
are Used for regressidon analysis and the regression
expression.

For Hoshiarpdr, the regression eqlation was analysed
andis as follows:

Yield=4783.58+31.45*Tmax(4-6)+84.97*Tmax(11-
12)-56.17*Tmin(2)+1.84*Tmin(6-8)-
11.40*RF(46)+15.91*RF(10-11)+1.79*Rmax(46-
47)+8.45*"Rmax(48-52)+14.22*Rmax(3-6)+12.75*Rmin(4-
5)

R*=88%

The abdve analysis showed 88 % variation in mistard
yield. The per centerrorranged between -7.916 7.0%.

Ladhiana district, the regression eqiation is as folldws:

Yield=-2969.32+33.83*Tmax(5-6)+32.83*Tmin(47)-
2.77*RF(44-45)-28.18*RF(48)+22.82*Rmax(50-
2)+9.15*Rmax(10-12)-5.43*Rmin(45-46)+6.14*Rmin(1-
2)+0.38*Rmin(8-10)40.36*SSH(48-50)23.40*SSH(4-
5)+45.06*SSH(10-11)

R’=71%

The abdve analysis showed 71% of variation in mistard
yield is dUe t6 weather parameters. The per cent error ranged
between -13.016 12.8 %.

For Bathinda,the regression eqiiation was analysed and
is as follows:

K.K. Gill and Kavita Bhatt

Yield=2371.59-39.36*Tmax (51-52)-13.93*Tmax(5-
6)+16.88"Tmin(48)-35.99*Tmin(7)+9.68*RF(2-3)-
26.29"RF(4-5)

R’=40%

The abdve Gsed mddel is contribiiting 40% t6 mistard
yield. The per cent errér ranged between -10.6 16 12.6 %.
Model 2: In second model (Mddified mddel), the weather
parameters in critical peridds aldéng with cdmpdsite index
variables are Used thrétgh midiltiple regression analysis 6
Obtain forecast eqlations. Improved agriciltiral techndlogy
necessitated the need t60 modify the basic model by
intrddlicing cOmposite as an independent linear time scale
dimmy variable. Regression eqation for Hoshiarplr was
generated and is as folldws:

Yield=-4783.58+31.28*Tmax(4-6)+87.39*Tmax(11-
12)-57.21*Tmin(2)+1.28*Tmin(6-8)-
11.76*RF(46)+16.17*RF(10-11)+2.14*Rmax (46—
47)+8.58*"Rmax(48-52)+13.59*Rmax(3-6)+13.18*Rmin(4-
5)-0.17*Compdsite Index

R’=88 %

The abdve expression showed 88 % variation to the
mdstard yield. The per cent errér ranged between 4.4 16 11.2
%.

The regression eqiation for Lidhiana is as follows:

Yield=-1005.06+2.39*Tmax(5-6)+5.37*Tmin(47)-
4.96*RF(44-45)-14.69*RF(48)+16.51*Rmax(50-2)-
4.04*Rmax(10-12)-3.51*Rmin(45-46)+0.22*Rmin(1-
2)+1.01*Rmin(8-10)+17.49*SSH(48-50)+9.42*SSH(4-
5)+29.09*SSH(10-11)+0.46*Compdsite Index

R’=85%

The valiie &f R® has increased t6 85 % in the mddified

Table 2. Forecasted yield and error per cent of three different mddels from year 2001 t6 2014 for Hoshiarplr

Year Actual yield Maodel 1 Model 2 Maodel 3
(kg /ha) Forecasted yield % Errdr  Forecasted yield % Error Forecasted yield % Error
(kg /ha) (kg /ha) (kg /ha)

2000-01 989 969 21 1032 6.5 946 2.3
2001-02 967 998 3.1 1006 0.8 996 0.2
2002-03 734 760 3.5 774 1.8 783 3.0
2003-04 715 700 2.2 755 7.9 741 5.8
2004-05 1031 963 7.0 1071 1.2 968 0.5
2005-06 1103 1132 2.5 1142 0.9 1135 0.3
2006-07 1128 1087 3.7 1168 7.5 1074 1.2
2007-08 1011 990 21 1050 6.1 986 0.4
2008-09 1065 1028 3.6 1103 7.3 1002 2.5
200940 1084 1132 4.3 1124 0.7 1100 2.8
201011 1113 1125 -1.0 1154 2.6 1144 1.7
2011412 989 1074 7.9 1027 4.4 1073 0.1
201243 1192 1220 2.3 1230 0.8 1248 2.3
201314 1232 1290 4.5 1274 -1.2 1277 -1.0
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Table 3. Forecasted yield and errdr per cent of three different mddels from year 1974 t6 2014 for Lidhiana

Year Actial yield Maodel 1 Maodel 2 Maodel 3

(kg /ha) Forecasted yield % Errdr Forecasted yield % Errdr Forecasted yield % Error
(kg /ha) (kg /ha) (kg /ha)

197374 750 726 3.2 679 9.4 771 2.8
1974-75 780 835 7.0 712 8.7 838 7.5
1975-76 632 617 2.3 571 9.7 604 4.4
197677 705 746 5.8 737 4.6 786 11.5
197778 412 403 2.2 418 1.6 448 8.8
1978-79 681 688 1.0 723 6.2 758 11.3
1979-80 729 767 5.2 730 0.2 762 4.5
1980-81 520 452 -13.0 548 5.4 495 4.7
1981-82 670 661 -1.3 666 0.5 680 1.5
198283 758 783 3.4 763 0.7 787 3.9
1983-84 862 929 7.8 929 7.8 894 3.7
1984-85 1066 1011 5.2 1047 -1.8 1105 3.6
1985-86 1017 909 -10.6 982 3.4 1059 41
1986-87 739 774 4.8 817 10.5 732 0.9
1987-88 1087 1102 1.4 1120 3.0 1127 3.7
1988-89 1087 1219 12.2 1131 41 1192 9.6
1989-90 1030 1141 10.8 1126 9.3 1049 1.9
1090-91 1275 1219 4.4 1206 5.4 1366 7.2
1991-92 1200 1098 8.5 1128 6.0 1235 2.9
1992-93 1155 1296 12.2 1175 1.7 1264 9.5
1993-94 1086 1069 -1.5 1140 5.0 1176 8.3
1994-95 1265 1157 8.6 1212 4.2 1393 10.1
1995-96 1068 986 1.7 1091 2.2 1160 8.6
1996-97 882 857 2.8 925 4.9 892 1.2
1997-98 1053 1187 12.8 1078 23 1108 5.3
1998-99 965 1066 10.4 984 2.0 973 0.8
1999-00 1198 1316 9.8 1276 6.5 1274 6.4
2000-01 1403 1393 0.7 1401 0.1 1407 0.3
2001-02 1364 1243 8.8 1319 3.3 1482 8.6
2002-03 1197 1305 9.1 1245 4.0 1224 2.3
2003-04 1348 1289 4.4 1313 2.6 1372 1.8
2004-05 1577 1389 -11.9 1477 ©.3 1522 3.5
2005-06 1359 1193 -12.3 1303 4.1 1373 1.1
2006-07 1199 1216 14 1298 8.3 1224 2.1
200708 1106 1087 -1.7 1223 10.6 1137 2.8
2008-09 1306 1319 1.0 1331 1.9 1316 0.8
2009410 1235 1150 6.9 1109 -10.2 1378 11.6
2010-11 1395 1415 14 1366 2.1 1493 7.0
2011412 1584 1402 -11.5 1465 .5 1726 8.9
201213 1234 1162 5.8 1246 1.0 1365 10.6
2013-14 1289 1192 .5 1259 2.3 1391 8.0
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model. The errdr per cent for modified model ranged from — The madified mddel shdwed increase in the valiie 6f R®

10.216 10.6 % for the last 41 years. (81 %). The errdr per cent for madified mddel ranged from —
For Bathinda district, regression eqtation with modified  12.2% t6 11.2% for the last 36 years.

model is as follows: Model 3: The miilti-tegressidon analysis sing SPSS has

Yield=762.65+9.96"Tmax(51-52)-5.25*Tmax(5-6)— been empldyed for the estimation 6f mistard yield in different
2.73*Tmin(48)-15.03*Tmin(7)+1.04*RR(2-3)-17.59*RF(4- districts 6f Plinjab.
5)+0.22*Composite Index Regression eqdation for Hoshiarplr district was
R’=81% generated and is as follows:

Table 4. Forecasted yield and error per cent of three different mddels from year 1974 t6 2014 for Bathinda

Year Acttal yield Maodel 1 Model 2 Model 3
(kg /ha) Forecasted yield % Error Forecasted yield % Error Forecasted yield % Error
(kg/ha) (kg/ha) (kg/ha)

1977-78 560 556 0.7 501 -10.6 613 9.5
1978-79 683 674 1.4 656 3.9 668 2.2
1979-80 717 755 5.2 630 “12.2 662 1.7
1980-81 457 477 43 468 2.4 500 9.4
1981-82 482 432 -10.4 527 9.3 467 3.1
198283 653 640 2.0 664 1.6 707 8.3
1983-84 819 903 10.3 910 1.1 910 111
1984-85 1072 1122 4.7 950 -11.4 956 -10.8
1985-86 869 828 4.7 868 0.1 928 6.8
1986-87 694 782 12.6 759 9.3 675 2.8
1987-88 975 896 8.1 909 6.8 910 6.7
1988-89 975 1062 8.9 947 2.9 868 -11.0
1989-90 952 996 47 882 7.4 1051 10.4
1990-91 1054 1087 3.1 1018 3.4 966 8.4
1991-92 854 821 -3.9 760 -11.1 805 5.7
1992-93 874 785 -10.2 803 8.1 936 7.0
1993-94 1097 1190 8.5 1172 6.9 1101 0.4
1994-95 1231 1223 0.7 1134 7.9 1264 2.7
1995-96 1049 1098 46 1164 11.0 1060 1.0
1996-97 1436 1290 -10.1 1268 “11.7 1439 0.2
1998-99 759 722 4.9 835 10.0 803 5.8
1999-00 1083 968 -10.6 1070 1.2 1016 6.2
2000-01 1158 1072 ) 1169 1.0 1151 .6
2001-02 1216 1091 -10.3 1194 1.8 1211 0.4
2002-03 886 809 8.7 817 7.8 895 1.0
2003-04 1170 1103 5.7 1044 -10.8 1181 1.0
2004-05 874 853 2.3 926 5.9 958 9.6
2005-06 1126 1030 8.6 1233 9.5 1183 5.1
2006-07 1235 1149 7.0 1283 3.9 1262 2.2
2007-08 1242 1324 6.6 1381 11.2 1383 11.3
2008-09 1330 1244 6.5 1306 1.8 1363 2.5
2009-10 1334 1286 -3.6 1244 6.8 1309 -1.9
201011 1376 1256 8.7 1242 97 1273 7.5
2011412 1317 1186 -10.0 1217 7.6 1278 3.0
201243 1204 1110 7.8 1142 5.1 1272 5.7

2013414 1367 1277 6.6 1263 7.6 1295 5.3
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Yield=1118.97+21.52*Time-2.56*220+0.24*Z241
+0.33*Z341-0.47*2351

R’=99%

Here,

Z20 is the slim 6f minim{m temperatire,

Z241 is the sim prodact 6f minimm temperatire and
marning relative himidity

Z341 is the stim prodact of rainfall and morning relative
hdmidity

Z351 is the sim prodct 6f rainfall and evening relative
hamidity

The regression eqdation showed that minimdm

temperatiire, morning and evening relative himidity and
rainfall plays an important role dn mistard yield in Hoshiarptr
area. The per cent error ranged between 0.1% in year 2004
t5 3.6% in year 2003. The valiie 6f R* is 99 % indicates that
weather variables were able t6 explain 99 % 6f variation in the
mustard yield at Hoshiarpdr region.
The regression eqiation for Lidhianais as follows:

Yield=1248.66+22.07*Time
-0.03*Z2140+0.54*2141+0.29*Z151+0.92*Z361+0.76* 2561

R’=91%

Here,

Z140 and Z141 is the sim and sm proddct 6f maximim
temperatire and mdrning relative hiimidity

Z151 is the sUm prodict 6f maximim temperatire and
evening relative hmidity

2361 is the sim prddict of rainfall and bright siinshine
hoirs

7561 is the sim proddct 6f evening relative hiimidity and
bright sGinshine hoirs

The regression eqlation shdwed that different weather

parameters played an impdrtant role dn mustard yield in
Lddhiana area. The per cent error ranged between 4.7 % in
year 1981 t6 11.6 % in year 2010. The valle 6f R*is 91 %
indicates that weather variables were able t6 explain 91 % of
variation in the mistard yield at Lidhiana region.

The regressidon eqdation is as folldws for Bathinda
district:

Yield=979.35+19.57*Time+0.58*Z121+1.48*2231

R’=91%

Here,

Z121 is the sm prodict 6f maximim and minimim
temperatire

Z231 is the slim prédiict 6f minimim temperatiire and
rainfall

The regression eqlation showed that time, maximim
temperatlre, minimim temperatlre and rainfall plays an
important role dn mdstard yield in Bathinda area. The per
cent error ranged between -11.0% in year 1989 t6 11.3% in
year 2007. The valiie 6f R? indicating that weather variables
were able t6 explain 91 % of variation in the mistard yield at
Bathinda region.

Validation of the models

Validation of all the three models Gsed t6 forecast yield 6f
mstard was done and simmarized in (Table 5).

For Hoshiarpdr district, the forecasted yield dbtained by
model 1 was ranged between 1075 t6 1208 kg/ha with error
per cent ranged between 3.1 16 5.9 % for the year 2015,
2016 and 2017. The errdr per cent 6f model 2 is mdre than the
basic model diring 2015 and were 10.2 (1193 kg/ha), 0.2
(1112 kg/ha) and 5.8 % (1144 kg/ha) for the years 2015,
2016 and 2017, respectively. The errdr per cent for model 3
were 3.8 % (2015),2.7 % (2016)and 6.1 % (2017).

Table 5. Validation 6f Forecasted yield and errdr per cent by three different models from year 2015 t6 2017 for Hoshiarpdr,

Lidhiana and Bathinda

Year Actial yield Maodel 1 Maodel 2 Model 3

(kg /ha) Forecasted yield % Error Forecasted yield % Error Forecasted yield % Error

(kg/ha) (kg/ha) (kg/ha)

Hoshiarpilr
2014415 1082 1146 5.9 1193 10.2 1124 3.8
201516 1110 1075 3.1 1112 0.2 1140 2.7
201647 1214 1208 9.5 1144 5.8 1287 6.1
Lidhiana
201445 1421 1263 “11.2 1275 -10.3 1368 8.7
201516 1343 1255 6.5 1212 9.7 1502 1.9
201647 1527 1389 9.0 1399 8.4 1542 1.0
Bathinda
201445 1329 1184 -10.9 1150 -13.5 1225 7.8
201516 1554 1417 8.8 1385 -10.9 1443 7.1
201647 1416 1300 8.2 1433 1.2 1413 0.2
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For Ladhiana district, for year 2015, all the three models
showed less yield than the actial yield, bit in year 2016 and
2017 model 1 and 2 predicted less yield than the actial yield.
The forecasted yield for the three conseciitive years ranged
between 1255 t6 1389 kg/ha with errdr per cent o6f 411.2
(2015), 6.5 (2016) and 9.0 % (2017). The errdr per cent of
mddel 2 was less than the basic model for all the three years
and were -10.3, 9.7 and -8.4 % for the years 2015, 2016 and
2017, respectively. The errdr per cent for model 3 were -3.7 %
(2015), 11.9 % (2016) and 1.0 % (2017) and the férecasted
yield ranged between 1368 t6 1542 kg/ha.

For Bathinda district, for the year 2015, 2016 and 2017,
all the three mddels shéwed lesser yield than the actiial yield.
The per cent errdr fdr mddel 1 diiring the year 2015, 2016 and
2017 were -10.9, 8.8 and 8.2 %, respectively with
forecasted yield ranged from 1184 t6 1417 kg/ha. The error
per cent 6f model 2 was less than the basic mddel and were —
13.5, 410.9 and 1.2 % for all the three years. The férecasted
yield calctlated by model 3 were 1225 (7.8 %), 1443 (7.1 %)
and 1413 kg/ha (-0.2) for the year 2015, 2016 and 2017,
respectively.

CONCLUSION

Using the forecast mddels, pre-harvest estimates oOf
mustard yield for Hoshiarpir, Lidhiana and Bathinda district
colld be compited siiccessfilly in advance before the actial
harvest. These three models predict the mstard yield very
well and the error percent 6f these mddels were beldw 15%.
As the data (ised for develdping this model is 6f high degree
of accliracy, its reliability is alsd high. The district gévernment
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althorities als6 can make (se oOf the forecast maddel
develdped Gsing weather indices, in this stldy, for dbtaining
acclirate pre-harvest estimates 6f mistard crop. Till the final
proddction of crops becomes knéwn, decisidons have t6 be
made On the basis Of informed predictions or scientific
forecasts. The main beneficiaries are farmers (decide their
proclirement prices), traders, expdrters and importers.
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Abstract: Celtis australis L. is a fast growing midiltiplirpdse tree species which is largely tilized for fodder, flelwddd, frlit and timber in the
Himalaya. Therefore, in this stidy, the eleven prévenances 6f C. australis were selected and tested in nlirsery environment t6 identify sditable
seed solrce for plantation programme. The seed morphdldgical parameters evalliated which showed that the seed length (8.80mm) in
Kathla, and seed diameter (7.72mm) and 100 seed weight (21.06g) in Chamba provenance was greater compared t6 dther prévenances.
Germination percentage was significantly higher in Chakarata provenance (68%) compared t6 6ther provenance and the lesser germination
was in Shimla prévenance (20%). In nirsery environment, height (131cm) and collar diameter (12.80mm) growth was higher in Chakrata
prévenance and the minimim height (90cm) and cdllar diameter (5.46mm) growth was in Chamba and Shimla provenance. The tdtal biomass
proddction was higher (63.78g) in Chakrata and the l16wer (33.39g) in Shimla provenance. The 6verall Sim Rank Index confirmed the
slperiority 6f Chakrata prévenance dver 6ther prévenances in nirsery environment. Therefore, provenance selection and testing have great

potential td improve different characteristics 6f C. australis for higher growth and proddictivity.

Keywords: Celtis australis, Provenance, Germination, Seed, Growth, Bidmass

Thrdlghoit the gldbe, miltiplrpdse species are
slibjected t6 severe anthropdgenic pressiire making them
less prddictive with large nlimber species are threated with
extinction (Amagnide et al 2015). The indiscriminate
harvest for flelwodd, fédder, timber and 6ther ises have
severely affected growth, qality and develdpment 6f plants
(Kmar et al 2014, Kimar et al 2016a). However, great
sliccess has been achieved in enhancing tree species
proddctivity throlgh different plant improvement
techniqlies. Therefore, itis pertinent td assess the siliccess
of provenance selection on prodictivity 6f miltiplrpdse
tree species. The high bidtic pressiire, sich as
indiscriminate and (Gnscientific 16ping and priining have
severely affected growth, develdpment, qdality (Kdmar
2016b), bidldgical diversity (Kilkarni and Laender 2017)
and genetics (Helm et al 2009) 6f slich plant species. In
addition, climate change has alsd significantly affected
popilations of different plant species throlghait the globe
(Oliveiraetal 2015).

In order to improve the plant growth and prdddctivity,
several techniqlies slich as breeding, bidtechndldégy and
vegetative propagation has been tested and addpted for
different tree species. However, selection of slitable species
folldwed by the selection of siitable provenance within
species has been considered as dne 6f the most important
todl t0 improve tree characters. Moredver, provenance

selection in tree species imprdved growth and carbon stdck,
and alsd provide greater resilience against climate change
(Whittet et al 2016). The natdiral variation present in different
gedgraphical regions indlices variation in plant characters in
a particllar species; as a conseqlence, plant depicts
variation in its character in new regidon compared t6 the
original geodgraphical regidon. In general, improvement in
plant character thrdlgh prdvenance selection are of great
significance for meeting afforestation needs, which can
provide greater climatic and ecdndmic benefits slich as
controlling soil erésion, mitigating climate change, improéved
carbon stdck and prdvision of flel wodd, fodder, friit and
timber (Oliveira et al 2015). Himalayan agriciltlre
landscapes are characterized by few miiltiplrpdse tree
species. This incllides species siich as Morus alba, Grewia
optiva, Bauhinia and Ficus sps. Beside these species, the
Celtis australis L., a fast growing miltiplrpdse tree species
which is largely Gtilized for fodder, fiel, friit and timber in the
Himalaya (Yadav and Bisht 2015). Bit, it is slbjected to
severe anthropogenic pressiire, while it has a great potential
to flrther imprdve the proddctivity 6f Himalayan landscapes
(Singh et al 2006). Hence, it is Gtmdst impdrtant t& imprdve
the plant gréwth and proddctivity 6f C. australis. Therefore,
we investigated the effect 6f provenance selection on seed
and seedling characteristics 6f C. australis in the nirsery
envirdnment.
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MATERIAL AND METHODS

Study site: The experiment was condlicted diiring 2012-
2013 at ICARAISWC, Research Farm, Selaqi, Dehradiin,
India (30°21' N and 75°52 E') sitliated at 525 m abdve mean
sea level. The area is characterized by winters from
November t6 March and simmers from April td Octdber. The
average daily maximim and minimim air temperatires
ranged frdm 20.6 t6 31.7°C in Jine and 1.1 t6 17.8 °C in
Janlary. The mean anndal precipitation is 1625 mm, with
80% falling diiring the rainy season (Jline-September).

Seed source: The seeds 6f C. australis were collected from
eleven different seed solirces diring Octdber-Ndvember,
2012. The sites were selected from Jammi Kashmir t6
Uttarakhand with the aim t6 collect seed from the wide range
of gedgraphical envirbnment t0 exploit greater genetic
variability. The latitide, 16ngitiide and altitide of the seed
solirce were ranged from 29°21'11.89’N t6 32°45'44.79’N
and 75°51'09.52"E t6 79°38'35.79"E and 1040m t6 1691m,
respectively (Table 1). The seeds were collected from plis
trees which were better in average height and diameter than
Other trees td establish a provenance trail. The seedling were
first screened in the nirsery and then in the field t0 a select
most silitable prévenance of C. australis for greater growth
and bidmass proddction.

Evaluation of seed and seedlings: From each seed so6lrce
approximately 500g driipe was cdllected from different plis
trees and brolght t6 the labdratdry for flrther processing.
The ripened driipe 6f C. australis dried Ginder the sln for 24
holirs t6 remdve moistiire in the seeds. Hereafter, the
physical featiires (length, breadth and weight) of seeds
determined t6 kndw the provenance wise variability in seed
characteristics. Seed samples (100 seeds) with three

replications selected from each seed soiirce, and their length
and diameter were measired. In addition, seed weight of
three replicate samples each containing 100 seeds was alsd
recorded as per ISTA riile (FAO 1985). The seed of each
provenance stdored in refrigeratér from Nd&vember,
2012—Jantary, 2013 and sibseqlently séwn in ndrsery in
the first week of Febrlary, 2013. The seeds of C. australis
sOaked in water for 24 hdiirs befére sdwing in the niirsery to
hasten the germination précess. The five seeds were sdwn in
each pdlybag at 2x2cm spacing in 1.5 16 2.0cm depth. Diring
ndrsery, weeding after twd weeks and irrigation everyday
provided till the transplanting stage. The seed germination
was recorded after 5Sne month &f the sdwing.

All treatments were examined daily for recording the
germination t6 determine the germination percentage (GP).
Seeds were considered germinated when the radicle was 5
mm 16ng (Sosa et al 2005). The five seedlings of each
provenance were selected randdomly and their plant height,
collar diameter, nimber 6f branches and niimber of leaves
recorded after seven months 6f seed sOwing. In addition,
seedlings were (prodted to recdrd tap rodt length and
nimber of lateral ro6t in different prévenance. The stem,
leaves, branches and rddts 6f seedlings separated and dven
dried at 60°C for 48 hodrs t0 record the dry bidmass 6f each
compodnent. The experiment was laid 60t in randdmized
block design (RBD) containing eleven treatments
(prévenance) with five replicatidons in each. The data were
statistically analyzed Gsing GLM prdcediire in SAS 9.3
software. Tlkey's HSD test was Gsed t6 cOmpare means
within and amdng treatments at 5% level &f significance.
Overall sum rank index method: The sdperidrity Of
prévenance was jidged based on the dverall siim rank index

Table 1. Latitlide, I16ngitlide and altitlide of different places and mdrphdldgical characters 6f the seeds and their germination

Provenance Latitide Longitlide AltitGde  Seed length Seed breadth 100 seed Germination
(m) (mm) (mm) weight (g) (%)
Almoéra 29°38'39.29’N  79°38'02.94’E 1216 6.56* 6.71% 15.87% 58.41*°
Chakrata 30°55'56.54"N  77°47'08.21°E 1040 7.73% 7.16™ 17.92™ 68.45°
Chamba 32°45'44.79’N  76°03'52.50"E 2154 8.16% 8.15° 22.90° 25.12"
KathGa 32°42'10.11’N  75°51'09.52°E 1615 8.80° 7.72% 21.06™ 35.21°
Kalld 31°38'00.12’N  77°21'00.32’E 1691 7.56 6.82%° 14.80* 31.68°
Nainital 29°21'11.89’N  79°38'35.79’E 1604 6.28* 5.87% 9.34° 52.87%
Palampdir 32°08'24.96"N  76°33'16.37°E 1327 6.74% 5.78% 17.50™ 49.10°
Shimla 31°07'46.12°N  77°13'38.63’E 2322 5.14° 5.10° 1417 20.74°
Sirmadr 30°40'15.28"’N  76°33'35.45’E 1405 7.10> 6.54" 17.96% 54.79%
Solan 30°51'12.30’N  77°10'51.53E 1161 7.52% 6.62" 12.94% 65.24
Tehri 30°289'17.40°N  78°00"21.93"E 1356 6.24%" 5.98% 14.27° 48.32°

Different letters indicate significant differences at p < 0.05.



Seedling Characteristics of Celtis australis

methdd. The seedling height and diameter and biomass was
considered for cOmparison and selecting the best
provenance. Each character was ranked between 1 (Idwest)—
11 (highest) based on their valles and the sim of all the
characters was (sed t0 cOmpare the performance of
provenance (Simdnne etal 1999).

RESULTS AND DISCUSSION

Seed characters: The seed length was significantly higherin
Kathlia prévenance (8.80mm), folldwed by Chamba,
Chakarata, Sdlan prdvenance, while the least valle
(5.14mm) was in Shimla provenance (Table 1). The seed
diameter was higher (8.15mm) in Chamba provenance and
least (5.10mm) in Shimla provenance. The 100 seed weight
was greater in Chamba prévenance (22.90g), while Idwest
vallie was Observed in Nainital prévenance (9.34g). The
res(lts sliggested that the provenance variations inflienced
seed characteristics 6f C. australis. Singh et al (2006)
Observed that prévenance variation resdlted in varied seed
weight from 47gt683gin C. australis.

Germination: The germination percentage was significantly
higher in Chakarata prévenance (68.45%) compared t0 6ther
provenance and the lesser germination (20.74%) was in
Shimla prévenance. The germination in Chakrata
provenance was 4.60 (Solan), 14.66 (Almora), 19.95
(Sirmaodr), 22.76 (Palampir) and 20.00 (Nainital) per cent
higher than the 6ther prdvenance (Table 1). The germination
variation in differences provenance may resilt in the
adaptation of seed regeneration in a particlilar prévenance
diring extreme weather events (nder climate change
scenarios (Kiimar et al 2011, Bricefid et al 2015). Many early
researchers have alsd repdrted provenances potential in
imprdving seed germination of tree species (Loha et al 2006,
Azad et al 2012, Bahr( et al 2014). Hence, it demdnstrated
that germination in C. australis can be improved, if wide
ranges Of prOvenance are selected for testing and evalGation.
Seedling growth: The plant height was significantly higher
(131cm) in Chakrata provenance cOmpared t0 Other
provenance and the lesser plant height (90cm) was in
Chamba provenance (Table 2). The collar diameter ranged
between 5.46-12.83cm being significantly higher in
Chakrata prdévenance than Soélan, Almoéra, Sirmddr, and
Nainital prdvenance. The niimber &f branches (11.95) and
leaves niimber per plant (199.54) in Solan prévenance were
greater than Chakrata, Almora, Palampir and Sirmddr
provenance in decreasing Order. The tap roo6t length
(71.95cm) and niimber of lateral rodts (11.75) were mdre in
Chakrata provenance than the oOther provenance. This
sliggested that, provenance variation resilted in differences
in the growth pattern 6f seedlings in the nlrsery environment.

799

The varied plant gréwth in difference provenances may resdilt
in their varied response t6 changing climate in a partictlar
region (Alfard et al 2014). In Central Himalaya 6f India, Singh
et al (2006) alsd 6bserved similar differences in C. australis
prévenances inder nlirsery environment.

Biomass production: The provenance variation
significantly affected stem bidmass, ro6t biomass and total
bidmass 6f C. australis in ndirsery environment (Table 3). The
stem (16.78g), root (26.01g) and total biomass (63.78g) was
mdre in Chakrata provenance than the 6ther provenances.
The total bidmass in remaining provenance was ranged from
33.39 -63.78g being minimdm in Shimla prévenance. This is
becalise the provenance affected plants growth, which
indliced variation in bidmass prodiction of C. australis
seedlings (Singh et al 2006). The enhanced bidmass
prodction throlgh provenance selection will impréve CO,
sequestration that codld contriblite t6 climate change
mitigation in degraded land. The variation in seedling
bidmass amdng different prdvenances has been repdrted by
earlier researchers (Savdlainen etal 2007, Rweydngeza et al
2010, Breed etal 2013).

Overall sum Rank index: The dverall siim rank index for the
provenances was in Order of Shimla<Chamba<Killl<
Tehri<Nainital<Palampir <Sirmoéilr<KathlGia<Almodra<
Solan<Chakrata, respectively (Fig. 1). The Chakrata
provenance folldwed by Sdlan provenance performed better
than &ther prévenance in term of verall perfdrmance based
on growth and bidmass in the ndrsery envirdbnment. This
indicates that Chakrata prdvenance is best for seedling
growth (ndrsery) in climate, topdgraphy and edaphic
envirdnment similar t6 the Dehraddin.

Correlation coefficient: The correlation between seed and
ndrsery parameters explained that seed germination was the
significantly best indicator 6f provenance performance (0.54-
0.88) of C. australis in the niirsery environment (Table 3). On
the oOther hand, ndn-significantly Idw correlation was
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Fig. 1. Overall Siin Rank Index for provenance of Celtis australis
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Table 2. Inflience 6f provenance on seedling height, cdllar diameter, nimber &f branches, nimber &f leaves, tap ro6t length
and lateral ro6t of Celtis australis

Prévenance Height (cm) Collar diameter Ndmber 6f Ndmber 6f leaves Tap root length Ndmber 6f lateral
(mm) branches (cm) roots
Almora 118.50° 9.28" 11.45% 134.54° 62.14° 10.46°
Chakrata 131.60° 12.83° 11.56% 159.63" 71.95° 11.75%
Chamba 90.42' 5.76° 6.58° 79.24° 47.2° 8.59
Kathtia 102.10* 6.90% 7.42° 95.23% 58.4° 8.65"
Kalla 94.60” 5.85° 6.42° 82.81% 46.8° 8.25'
Nainital 97.70° 7.60% 7.68° 86.24% 59.38" 9.54d"
Palampdr 95.60° 5.88° 9.23"° 99.35° 49.67° 8.95
Shimla 92.20 5.46" 7.23° 57.12' 49.35° 11.48™
Sirmdar 108.70% 9.02" 8.97*° 155.85" 61.9° 10.26%°
Solan 111.80° 10.02% 11.95° 199.54° 68.45° 12.54°
Tehri 97.40°" 6.76% 8.34" 91.42% 51.84° 10.42°°

Different letters indicate significant differences at p < 0.05.

Table 3. Prévenance wise variation in shodt, leaf, branch, ro66t and total bidmass 6f Celtis australis Ginder nlrsery envirdbnment

Provenance Stem bidmass (g) Leaf bidmass (g) Branch bidmass (g) Ro6t bidomass (g) Total biomass (g)
Almora 13.69” 16.54 3.37" 19.24% 52.84°
Chakrata 16.68° 17.31% 3.78% 26.01° 63.78°
Chamba 9.87° 8.81% 1.4% 13.58* 33.67%
Kathla 8.71° 9.03% 1.15% 16.05"° 34.94%
Kalld 8.52° 8.85" 1.06° 15.46°° 33.89*
Nainital 11.13* 11.10° 2.11% 17.14> 41.48°
Palampiir 10.58° 10.42° 1.82% 17.32° 40.14%
Shimla 8.43° 7.60° 0.97° 16.39™* 33.39°
Sirmodr 12.69* 10.78° 2.87” 13.12° 39.46%
Solan 14.96% 19.16° 3.95° 20.33° 58.40®
Tehri 10.19% 10.20° 1.51% 16.16°° 38.06%
Different letters indicate significant differences at p < 0.05.
Table 4. Correlation coefficient between seed and niirsery parameters of Celtis australis
Seed Seed 100  Germination Collar  Height NG. of No. of Lateral Total
length breadth seed (9) diameter (cm) branches leaves rodts  bidmass
(mm) (mm)  weight (mm) (nd) (nd) (nd.) (9)
(9)
Seed length (mm) 1.00
Seed breadth (mm) 0.92*
100 Seed weight (g) 0.66 0.73*
Germination (%) 0.03 0.26 0.33
Collar diameter (mm) 0.25 0.42 0.57 0.85*
Height (cm) 0.39 0.54 0.65 0.81* 0.96*
No. of branches (n6.)  0.27 0.41 0.56 0.88* 0.83* 0.85*
NG. of leaves (nd.) 0.06 0.20 0.40 0.84* 0.84* 0.78* 0.86*
Tap ro6t length (cm) 0.15 0.27 0.46 0.85* 0.95* 0.90* 0.82* 0.85*
Lateral ro6ts (nd.) .03 .02 0.39 0.54 0.65* 0.59 0.72* 0.63 0.67*
Total bibmass (g) 0.39 0.55 0.67 0.87* 0.92* 0.90* 0.94* 0.82* 0.87* 0.70* 1.00

*Indicates significant correlation coefficient
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recorded between niirsery parameters, seed length (-0.03—
0.39), breadth (-0.02-0.64), 100 seed weight (0.39-0.65).

CONCLUSION

The provenance selection siiccessfiilly increased
gréwth and bidmass proddctions of Celtis australis in nlrsery
environment. The significant variation in seed characteristics
Observed amdng the prdvenances. In addition, prévenance
wise significant variation in plant characters recdrded in the
ndrsery environment. Chakrata provenance performed best
among all prévenances folldwed by Solan, Aiméra, Kathia,
Sirmddr, Nainital, Palampdr, Tehri, KillG, Chamba and
Shimla Gnder ndrsery conditions. The provenance selection
and testing thrdlgh imprdved plant characteristics has great
potential 16 mitigate the negative effect 6f climate change
throlgh greater climate resilience and enhanced CO,
sequestration and will also stabilize the degraded ecosystem
of the Himalaya. Therefore, the prévenance selection and
testing of other cdmmercially impdrtant tree species shodild
be initiated to flrther enhance the proddctivity 6f Himalaya for
improving the climatic and ecdndmic benefits in theses
region.
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Abstract: Afield experiment was condiicted diiring 2014-2015 season t6 stlidy the effect 6f two soil fertilizer treatments 200 kg/ha compdind
fertilizer NPK 18-18-18 and 6rganic mandre (10 ton/ha 6f sheep manire) and their interaction with high potash [1% 6f N-PK, 0-5-36] and
silicon [0.5 mM of pdtassitim silicate 6n bréad bean antidxidants [sliperdxide dismiitase (SOD), catalase (CAT), ascorbate perdxidase (APX),
glatathione (GSH), ascorbic acid and proline] in saline sdil (9.4 dS/m). The application 6f sdil fertilizers calised a significant increase in the
activity 6f CAT, APX, GSH, bt it had nd significant effect 5n SOD activity. While it calised a significant decrease in proline and a changeable
effect 6n ascorbic acid content whereas compdiind fertilizer catised a significant red(iction in ascorbic acid compared t6 contrdl. The érganic
fertilizer calised a significant increase in ascdrbic acid compared td control. Foliar fertilizers resilted in significant increase in the activity of
CAT, SOD, GSH and proline, biitit had nd significant effect 5n APX and ascorbic acid compared to contrdl. The interactions between the factors

calised significant effects 6n all parameters.

Keywords: Broad bean, Salinity, Antidxidants, Organic fertilizer, Silicon

Salinity is the main problem dn plant proddction in many
colntries all dver the world (Minns and Tester 2008). Similar
td other environmental stresses, salt stress leads t6 the
generation of reactive oxygen species (ROSs), sich as
sliperdxide radical (O,”), hydroxyl radical (OH), singlet
dxygen ('0,) and hydrdgen perdxide (H,0,), (Ashraf and
Shahbaz 2003). The acclimilation 6f ROSs damages critical
organelles via lipid perdxidation and is capable of indlcing
damage t6 almdst all cellllar macromoleciles, incliiding
DNA, proteins and carbohydrates (Molssa 2006). The
activity of anti-oxidative enzymes as the mdst important
compdnents in scavenging and the prevention 6f ROSs
damage UsUally increase Ginder salt stress conditions (Tester
and Davenport 2003). Proline has been considered as a
carbon and nitrégen solirce for rapid recovery from stress
and growth, a stabilizer for membranes and sdme
macrdmdleciiles and alsd a free radical scavenger (Jain et al
2001). Faba bean (Vicia faba L.) is the mdst important
legiimindis crops Gsed for hiiman. Application of fertilizers
have been siiccessflilly empldyed t6 mitigate the salt-
indiiced I8sses (Ashraf et al 2008). Adding potash or silicon
improving yield and rediicing bidtic and abidtic stresses on
plants (Epstein 1999). The aim &f this experiment was t6
determine the effect 6f chemical and drganic as soil fertilizers
and their interactions with high pdtash and silicon as foliar

fertilizers 6n alleviation &f salt injlry dn enzymatic and non-
enzymatic antioxidants 6f bréad bean.

MATERIAL AND METHODS

A field experiment was condicted diring 20142015
growth season t6 stlidy three treatments 6f sdil fertilizers
(200 kg/ha) compdoiind fertilizer NPK, 18-18-18 and 6rganic
10 ton/ha 6f sheep manire, as well as contrdl with three
treatments of fdliar fertilizers (high pdtash 1% 6f NPK 0-5-36,
silicon 0.5 mm o&f potassilm silicate and contrdl) in salinity
soil (silt-clay with pH 7.8 and the salinity 9.4 dS/m) 6n bréad
bean (Vicia fabaL.). Randdmized complete bldck design with
three replicates was lised. The experimental init contained 3
ridges (2.4 x 3 m®) planting 6n béth sides (25 cm apart) with
I6cal variety 6f bréad bean 6n Octdber 6, 2014. Organic and
chemical fertilizers were added at planting time. Foliar
fertilizers were added twice, first at dne month after
germination, and the secdnd at fldwering stage. The data
were recorded after twd weeks 6f the second spraying which
incliided SOD (slper 6xide dismitase) activity (Marklind
and Markllind 1974), catalase activity (Aebi 1973), ascorbate
peroxidase (APX) (Chen and Asada1992), the content of
GSH (Riddles 1979), proline content (Bates et al 1973) and
ascorbic acid content accdrding t6 (Shalata and Nelimamnn
2001).



Effect of High Potash and Silicon Spraying on Vicia faba L. Antioxidants

RESULTS AND DISCUSSION

The plants stpplemented with sdil fertilizers (cdmpdind
or drganic) showed significant increase in catalase activity
(7.2 and 7.4 Gnit) respectively compared td contrdl (2.9 Gnit).
Catalase activity increased in plants slipplemented with foliar
fertilizers high potash and silicon t6 7.6 and 5.3 Units,
respectively, compared t0 4.6 QOnits in contrdl. The sail
fertilizers similtanedisly with foliar fertilizers increased
enzyme activity. The highest CAT activity was dbtained at
chemical sail fertilizer simdltanedisly with foliar application
of high potash (9.3 Gnits).

The application of sail fertilizers (compdiind 6r 6rganic)
had nd significant effect on plant content of siperoxide
dismitase activity compared t6 contrdl, while SOD activity
was increased in plants slpplemented with silicon, which
reached t6 18.1 Gnits cdmpared t6 13.5 (nits in contrdl. The
soil fertilizers simdltanedisly with foliar fertilizers calised
changeable enzyme activity at spraying high potash, while it
calised significantincrease at spraying silicon.

The APX activity increased in plants slipplemented with
drganic soil fertilizer which reached 3.6x10™ compared t6
3.0x10™ in contrdl, while foliar fertilizer had né significant
effect on plant content 6f APX. The addition of sail fertilizers
altdgether with foliar fertilizers calised changeable enzyme
activity and soil stipply with chemical fertilizer + spraying high
potash or organic fertilizer + spraying of silicon calised a

Table 1. Effect of fertilizers 6n enzymatic antidxidants activity
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significant increases in APX activity t6 3.8x10* and 4.2x10*
Gnits respectively.

The soil fertilizers calised a significant increase in
glitathidne compared td contrdl and drganic fertilizer was
significantly stperior. Foliar fertilizers calised a changeable
effect, that high potash decreased GSH significantly with a
rediiction of 33 per cent, while silicon calsed significant
increase of 37.2 per cent cOmpared t6 contrdl. The
interaction had a significant effect, that 16w valle 6f GSH
Obtained frém silicon (1217), while high valle dbtained from
organicfertilizer + silicon spraying (7627).

Chemical fertilizer calised a significant reddction in
ascorbic acid cdntent compared t6 contrdl (20.8%). The
organic fertilizer calised a significant increase (52%), bt
foliar fertilizer had no significant effect. The interaction had a
significant effect and chemical fertilizer + silicon spraying
gave Idwest content 6f ascorbic acid (91.6 mg/g.f.w.), while
organic fertilizer + silicon spraying gave highest content of
ascorbic acid (276.7 mg/g.f.w.).

The sdil fertilizers had a significant effect in decreasing
proline content and chemical fertilizer calised significant
reddction in préline content compared to contrdl (51%). The
organic fertilizer calised a rediction 7 per cent. Foliar
fertilizer calised an increase of proline content and silicon
spraying was significant compared t6 contrdl only with a
rediiction 9.1 per cent. The interaction had a significant effect

Soil fertilizers Foliar fertilizers Average of séil fert.
Withodt spray High potash Silicon

Catalase activity (U).

Control 1.5 4.4 2.7 2.9

Compoiind 6.6 9.3 5.6 7.2

Organic 5.6 9.1 7.6 7.4

Average of foliar fert. 4.6 7.6 53

CD (p=0.05) Soil .=0.662 foliar=0.662 interaction=1.146

Siperoxide dismitase activity (U).

Control 14.1 10.4 18.8 14.4

Compoiind 11.9 16.4 17.9 154

Organic 14.5 12.2 17.7 14.8

Average of foliar fert. 13.5 13 18.1

CD (p=0.05) S6il =n.s. foliar=1.300 interaction=2.252

Ascorbate perdxidase activity (U)

Control 2.8x10"* 3.1x10* 3x10* 3.0x10*

Compoiind 3.4x10* 3.8x10* 2.8x10* 3.3x10*

Organic 3.3x10"* 3.3x10"* 4.2x10* 3.6x10"

Average of fliar fert. 3.2x10* 3.4x10* 3.3x10"

CD (p=0.05) S6il =0.36x10™  foliar=n.s. interaction=0.63x10"
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Table 2. Effect of fertilizers 6n ndn—enzymatic antidxidants

Saoil fertilizers

Foliar fertilizers

Average of sdil fert.

Withodt spray High pdtash Silicon
Glutathione GSH (ug/g.F.W)
Control 2807 3005.3 1217 2343.1
Compdind 4080.3 2152 6092 4108.1
Organic 3999.5 2134.5 7627 4587
Average of foliar fert. 3628.9 2430.6 4978.7
CD (p=0.05) Soil .=205.9 fdliar=205.9 interaction=356.7
Ascorbic acid (mg/g.f.w)
Contrdl 166.3 165.5 173.9 168.6
Compoind 159.2 149.9 91.6 133.6
Organic 251.1 240.5 276.7 256.1
Average of foliar fert. 192.2 185.3 180.7
CD (p=0.05) So6il £.=15.73 foliar=n.s. interaction=27.25
Proline (mg/g.D.W)
Control 35 5.0 44 4.3
Compdiind 34 1.7 1.3 2.1
Organic 3.1 3.8 5.0 4
Average of foliar fert. 3.3 3.5 3.6
CD (p=0.05) S6il =0.225 foliar=0.225 interaction=0.394

in which high prdline content resiilts from nd sail fertilizer +
high poétash spraying and organic fertilizer application +
silicon spraying, while 16w proline content resdlts from
chemical fertilizer application + silicdn spraying.

The resilts showed that high potash and &rganic
fertilizers treatments led t6 a significant increase in CAT and
SOD activity. It may be related t6 the réle 6f K in sdrvival
mechanism 6f the plant and the specific effect 6f potassiim
on the antidoxidant level (Glr Devi 2012), 6r becadise its role
in enzymes activation, protein synthesis, photdsynthesis,
stdbmatal movement, Osmd-regilation, energy transfer,
phléem transpdrt, cation-anidn balance and stress
resistance (Marschner 2012, Heidari and Jamshidi 2011).
This resilts are agreed with (Jasim and Abd Al-Timmen
2014) that high pdtash calised a significant increase of
antidxidants in broccoli leaves and fldwers , and high potash
treatment led t0 increase plant tdlerance t6 salt stress by
increasing antidxidant mechanisms.

Silicon imprdved the activity 6f antidxidant enzymes. It
may enhance crop resistance t0 Oxidative stress and
improved growth (Mohaghegh 2011). Higher activities of
SOD and APX in salt-stressed leaves indiiced by Si addition
may protect the plant tisslies from membrane Oxidative
damage Gnder salt stress, thiis mitigating salt tOxicity and
imprdving plant growth (Zhl et al 2004). This resilts are
agreed with (Liang 1999) who foind an increase 6f SOD
activity in salt-stressed barley leaves, and increases in SOD

and CAT activity in salt-stressed barley rodts (Liang et al
2003). The redox statlis of glitathione was alsd improved
with a significantincrease in rediiced glGtathidne at Si treated
plants. These resilts are in agreement with (Milne et al 2012
and Saqib et al 2008), who reporting that GSH increases
with applications 6f Si in NaCl stressed lettlice and wheat.
Organic fertilizer calised an increase in antidxidant activity,
which agreement with (Aminifard et al 2013, Alphdnse et al
2015).

CONCLUSION

The application of sail fertilizer increased the activity 6f
catalase, ascOrbate peroxidase and gliitathidne, bt calised
a reddction in proline. Chemical fertilizer redliced ascorbic
acid, bt organic fertilizer increased ascorbic acid. Foliar
fertilizers calised an increases in the activity of catalase,
sliper Oxide dismitase, glGtathione and Prdline, biit it had
nd significant effect dn perdxidase and ascorbic acid.
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Abstract: The effect 6f Inddle-3-biityric acid (IBA), season and pre-conditidning (girdling) was evallated on the rodting perférmance 6f Acer
acuminatum cittings. Girdling was done dne month pridr td collection of clttings from the forest in twd seasdns (spring and monsoon). The
representative cittings were treated with different concentrations 6f IBA. IBA at 0.75% IBA provided significantly maximim sproiting
(71.67%), rooting (41.25%), root length (8.84 cm), niimber 6f rodts (7.84) and mean dry root weight (396.17 mg/citting). The roéting of A.
acuminatum cittings was inflienced by season of planting giving better resilts diring the spring seasdn (March-April). Rodting process was
alsd significantly better for girdled cittings 6f A. acuminatum. Therefore td achieve the highest rodting siiccess, girdled cittings of A.
acuminatum shoild be collected in spring season (March-April) and treated with 0.75% IBA.

Keywords: Maple, Pre-conditioning 6f Cittings, Plant Growth Regiilators, Asexdal Propagation

Acer acuminatum (Wall. ex D. Don) is an important
hardwdod species of ndrth-west Himalayas and is small t6
mdderate sized, didecidls, decidldds tree, which grows in
Open ravines 6n shady aspects between 2400-3300m abdve
mean sea level. Dle t0 its Gnchecked exploitation and pddr
natdral regeneration, the mass propagation 6f the species is
desired. Propagation of trees throligh seeds is an easy,
effective and beneficial methdod. However, it has the
disadvantage of prddlcing genetically (niqlie seedlings
which emerge different from 6thers. A. acuminatum prodiice
more than 60 percent parthendcarpic friits, while the
remaining seeds have physidlégical dérmancy which
reqiires 16ng maist stratification (KGmar et al 2017). Many
plants have the capability t0 propagate themselves
asexdally; while sdme 6thers reqiire himan invélvement to
achieve the same (Brown 2008). Vegetative propagation
methdds slch as cittings, bldding, layering Oor
micropropagation are the only Ooptidon to mdaltiply
gendtypically siperidr trees bit the challenge is t6 get the
adventitidls roots of the propagliles. Some of the maple
species folnd t6 be difficlilt-t6ro6t. In vegetative
propagation, alixins are cOmmonly Gsed t6 indlice root
formation in cittings, mainly when wdérking with the difficdlt—
t6r06t woody species (Acqliaah 2005). Pre-conditioning of
the ciittings (blanching, girdling, etc.) play significant rdle in
farther increasing the rodting siiccess in many plants. At the

same time, season of collection of cittings alsd plays an
impdrtant role in the physidldgical processes of root
formation in the vegetative propagation (Hartmann et al
2002). The inférmatidn 6n propagation &f A. acuminatum
thrélgh cittings is not available. In the present stidy the
effect 6f IBA and girdling on the rdoting sliccess of A.
acuminatum cittings in spring and monsddn seasdn was
examined for two years.

MATERIAL AND METHODS

The ciittings 6f Acer acuminatum were collected from
Pattidhank forest (31°10"t6 31°11"N and 77°59't6 77°62' E)
of Thedg Forest Divisidn (Himachal Pradesh). Vigordisly
gréwing, disease free shdots were selected and marked after
aninitial strvey. Pre-conditioned cttings were dbtained from
selected trees after alldwing pre-callis growth cailsed by
removing quarter inch wide bark. The debarked pdrtidon was
covered with black tape and left (indistlrbed for abdit one
mdnth, enabling the callls t6 grow. The calllised ciittings and
plain cdttings (withoGt debarking) were collected and
wrapped in sphagnim mdss and drenched with water t6
prevent drying while transpdrting them to experimental
ndrsery at Dr. YS Parmar University of Horticdltire and
Forestry, Nadini-Sdlan.

The different IBA fdrmilatidons were tested aldng with |,
talc only, I,: 5% captan + 5% sticrése + talc. The |, 1,, I, I;and
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I, contains IBA@ 0.25, 0.50, 0.75, 1.0 and 1.25 percent aldng
with 5 percent captan + 5 percent slcrdse + talc. The
reqiired amoint of IBA was dissolved thdrddghly in a small
glantity of absdllte alcohdl (10 ml) and desired amdiint of
sticrose (2.5 g) and Captan 50% WP (5.0 g) and talcim
pdwder (50g — 7.5g — IBA in respective formdlation in g) intd
the beaker. The continldds stirring 6f the mixtire was done
with a glass rod t6 form hdmogenedis sliirry. The alcdhdl in
the mixtlre was alldwed t6 evapdrate in a c60l, dry and dark
place t6 avoid degradation 6f alixin. The dried formdlations
were grolinded t6 a fine powder. All the ciittings were given
two vertical slits at the base befGre treatment with IBA. The
basal pdrtion of the ciittings was dipped in Carbendazim 50%
WP solition (2 g/l) for five seconds t6 avdid pathdgen
infection and 30 cittings per treatment were treated with
respective IBA concentration. Excess powder was tapped off
from the cltting base. Two types of ciittings viz., girdled (G,)
and fresh/ndn-girdled (G,) were planted diring spring
(March-April: S,) and monsdon (Jine-Algdst: S,) season.
The cittings were planted 7-8 cm deep in the pdlythene
bags filled with sand. In drder td minimize the water I8ss in the
clttings, all 6ther leaves were remdved by leaving half 6f the
top twd leaves. Irrigation and weeding was carried it as and
when reqiired. Drenching 6f Carbendazim 50% WP (2 g/l)
and Captan 50% WP (2 g/l) were given fortnightly t6 prevent
rotting of clttings. HUmidity (>80%) was maintained by
hanging wet glinny bags near the cittings inside the shade
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net hdlse. The sprodting initiated dne week after the planting
of chttings and recdrded Gp t6 twd months. The dbservatidons
on callising and roo6ting characteristics were recorded after
folr months. The experiment consisted of 28 treatments
each replicated (10 cittings/replication) thrice in randdmized
bldck design (factdrial). The data for twd years Oof
investigation were podled after performing hdmaogeneity test.

RESULTS AND DISCUSSION

Effect of IBA on rooting behaviour of cuttings: The
significantly higher sprodting (71.67 %) and rodting (41.25 %)
was Observed with IBA @ 0.75% (Table 1). The maximim
calllising after folr months was with 1, (5% captan + 5%
sticrose + talc). The minimdm rodting slccess (6.67 %) and
root dry weight (80.88 mg) was in contrdél. Maximim root
length, ndmber of rodts and rodt dry weight was with
alldcation of IBA @ 0.75% folldwed by 1.00%. The alixin
treatment increased r66t niimber and ro6t length in clttings
of Pongamia pinnata (Kesari et al 2010), Acer
pseudoplatanus, A. platanoides, and A. campestre
(Spethmann 2007) and Acer velutinum (Farhadi et al 2007).
Contrary 0 this, Ridilx et al (2003) in A. saccharum, did not
folind any significant effect 6f alixin concentrations on root
inddction.

Effect of season on rooting behaviour of cuttings:
Significantly higher roéting (28.69%), sproiting (60.36%)
was in spring season in comparison t6 23.10 and 54.17% in

Table 1. Effect 6f IBA formdilatidons, seasdn and girdling 6n sproiting and rd6ting characteristics

Treatment Sprodting (%)  Callising (%) Ro6ting (%) R&6t length (cm) Ndmber 6f roots Ro6t dry weight (mg)
IBA

l, 39.58 (38.94)  27.08 (31.18) 6.67 (13.52) 4.78 4.38 80.88
l, 47.08 (43.30)  30.83(33.68)  11.67 (18.88) 5.44 5.14 100.75
Iy 56.67 (48.83)  25.83(30.39)  21.67 (27.59) 6.03 5.92 123.92
l, 65.00 (63.77)  22.08 (27.70)  30.00 (33.01) 6.72 6.67 248.96
I 71.67 (57.96) 16.25 (23.55)  41.25(39.87) 8.84 7.84 396.17
ls 62.50 (52.26) 19.17 (25.82)  37.08 (37.45) 7.99 6.95 297.88
l, 58.33 (49.83)  25.00(29.88)  32.92(34.82) 7.87 6.76 275.21
CD (p<0.05) 2.58 2.77 3.49 0.24 0.25 6.91
Season

S, 60.36 (51.13)  22.50 (27.98)  28.69 (31.38) 7.01 6.46 230.53
S, 54.17 (47.41)  25.00 (29.79)  23.10(27.24) 6.61 6.01 204.83
CD (p<0.05) 1.38 1.48 1.87 0.13 0.13 3.69
Girdling

G, 58.93 (50.27) 24.05 29.76 (32.13) 7.03 6.68 232.32
G, 55.60 (48.27) 23.45 22.02 (26.49) 6.60 5.80 203.04
CD (p<0.05) 1.38 NS 1.87 0.13 0.13 3.69

Figlires in parentheses are arc sine transférmed valles

I,;: talc dnly, 1,: 5% captan + 5% sficrése + talc, I;: ,+ 0.25% IBA, 1,:1,+0.50% IBA I 1,+0.75% IBA, I;: 1,+ 1.00% IBAand |,: I, + 1.25% IBA, S,: Spring (March-April)
and S,: Monso6n (Jine-Algist) season; G, : girdled and G,: fresh/ndn-girdled cittings
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monsdon season (Table 1). The root length (7.01 cm),
nlimber 6f rodts (6.46) and rodt dry weight (230.53 mg) 6f the
clittings was significantly higher in spring seasdn. This might
be diie t6 the warmer peridd which enhances the ré6ting of
the clittings. Batista etal (2015) alsd Observed better ro6ting
of Eucalyptus cldones diring the simmer mdnths. The rodting
ability of the cittings was qite 16w diring monsdon season
as carbdhydrates in xylem tisslies are almdst I6st or limited
ddring this peridd (Yamashita and Okamdto 2008).

Effect of girdling on rooting behaviour of cuttings: The

girdling enhanced the rodting of the cittings (29.76%) as
compared with fresh cittings (22.02%) (Table 1). Sproiting
(58.93%), root length (7.03 cm), niimber of rodts (6.68) and
roots dry weight (232.32 mg) were alsd higher for girdled
clttings. After remdving the phldem, the branch still receives
the ndtrients and water throlgh the xylem tisste. The
photdsynthates then accriie abdve the pre-conditioned area
and it encdiirages the develdpment 6f calllis from where the
roots develdp. Kiimar and Shamet (2002) dbserved that
girdled cittings 6f Taxus baccata prodiiced significantly

Table 2. Effect 6f IBA cOncentratdr and season 6n sprodting and rodting characteristics

Treatment Sproéiting Callising Ro6ting Ra6t length Ndmber Ro6t dry
(%) (%) (%) (cm) of roots weight (mg)
1S, 41.67 27.50 8.33 4.73 4.63 85.63
1S, 37.50 26.67 5.00 4.84 413 76.13
1,S, 49.17 29.17 1417 5.36 5.27 109.50
1,S, 45.00 32.50 9.17 5.53 5.00 92.00
1,S, 59.17 25.00 23.33 6.27 6.15 132.67
1,S, 54.17 26.67 20.00 5.78 5.69 115.17
1,S, 68.33 19.17 33.33 6.97 6.90 266.33
LS, 61.67 25.00 26.67 6.47 6.44 231.58
1S, 75.83 1417 45.00 9.1 8.26 415.50
S, 67.50 18.33 37.50 8.58 7.42 376.83
S, 65.83 16.67 38.33 8.39 7.05 312.33
6S, 59.17 21.67 35.83 7.59 6.85 283.42
1S, 62.50 25.83 38.33 8.23 6.97 291.75
1,S, 54.17 2417 27.50 7.51 6.55 258.67
CD (p<0.05) NS NS NS 0.33 NS 9.77
For abbreviations refer t Table 1.
Table 3. Effect 6f IBA formdilations and girdling n sprdiiting and roéting characteristics
Treatment Sproiting Callsing Ra6ting Ro6t length Nimber Root dry
(%) (%) (%) (cm) of roots weight (mg)
1,G, 43.33 30.83 (33.60) 8.33 5.11 4.75 93.25
1,G, 35.83 23.33 (28.75) 5.00 4.45 4.00 68.50
1,G, 48.33 30.83 (33.68) 13.33 5.47 5.52 109.08
1,G, 45.83 30.83 (33.68) 10.00 5.42 4.75 92.42
1,G, 57.50 28.33 (32.02) 2417 6.18 6.36 132.17
1,G, 55.83 23.33 (28.75) 19.17 5.88 5.49 116.67
1,G, 66.67 20.00 (26.13) 35.00 6.98 7.19 278.75
LG, 63.33 24.17 (29.28) 25.00 6.46 6.15 219.17
G, 73.33 15.00 (22.43) 48.33 9.35 8.53 415.33
1,G, 70.00 17.50 (24.67) 34.17 8.34 7.16 377.00
I,G, 62.50 19.17 (25.77) 40.83 8.07 7.22 309.42
1,G, 62.50 19.17 (25.87) 33.33 7.92 6.67 286.33
1,G, 60.83 24.17 (29.34) 38.33 8.04 717 289.25
1,G, 55.83 25.83 (30.42) 27.50 7.70 6.35 261.17
CD (p<0.05) NS 2.09 NS 0.33 NS 9.77

Figdres in parentheses are arc sine transférmed valles. For abbreviations refer t6 Table 1.
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higher rodting than non-girdled 6nes. Erddgan and Smith
(2005) dbserved that girdling aldne provides as high rodting
percentas hormone application in Corylus avellana.
Interaction effects: The interaction of IBA formalatidon and
seasOn has a significant effect 6n the ro6t length and rd6t dry
weight of the ciittings 6f the A. acuminatum (Table 2). Non-
significant effect 6f IBA formdlations and seasdon was
Observed for sprodting, rodting percent, calllising and
nimber &f rodts of the cittings. Significantly maximim root
length (9.11 cm) and rddt dry weight (415.50 mg) were in
ctttings treated with 0.75% IBAin spring season. Bandana et
al (2011) 6bserved overall better perfdrmance in the rdéting
characteristics 6f Erythrina suberosa when treated with 0.6%
IBA formdlation diring the spring season. Similarly, the
interaction of IBA formdlation and girdling had a considerable
effect on calllising, ro6t length and rd6t dry weight of the
clttings (Table 3). The ndn-significant bt higher r66ting was
Observed for girdled cittings treated with 0.75% IBA
férmdlation. Significantly maximdm rd6t length (9.35 cm) and
mean dry root weight (415.33 mg) was also dbserved for the
same treatment combinatidon. However, minimim rooting
parameters were in contrdl 6f non-girdled cuttings. Poor
performance of other treatment combinations of girdled as
well ndn-girdled cittings withddt the application of IBA at any
concentration (1,G,, 1,G, and 1,G,) was als0 dbserved. Shamet
and Sharma (2004) recorded better rodting for the girdled
clittings of Toona ciliata when treated with 1% IBA. While
working with Celtis australis, Shamet and Naveen (2005)
folnd significantly higher rodting in girdled cittings treated
with 0.40% IBA as compared t0 control.

CONCLUSSION

It can be inferred from the present stlidy that pre-
conditioning (girdling) and IBA significantly affects the rodting
sliccess 6f Acer acuminatum cittings in different seasons.
Maximlm rooting of the clttings was observed after the
application of IBA @ 0.75% folldwed by 1%. Girdling of the
clttings also significantly increased the rooting percentage.
In cOmparisdn td mdns66n season Of planting, spring seasdn
provided better rodting of the cittings. So, for the mass
propagation of Acer acuminatum throlgh cittings, girdling of
the branches shoild be done 1-2 mdnths pridr t6 nlrsery
raising in the spring seasdn and IBA @ 0.75% shddld be
applied t6 the ciittings.
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Abstract: The stlidy was lindertaken t0 investigate the effects 6f hdmegarden mixed tree candpy 6n the seed germination and initial growth
parameters siich as ro6t length, shodt length, shoot : rodt ratid and seedling vigoir index of five agriciiltlral crops namely, maize (Zea mays
L.), chilli (Capsicum annuum L.), bean (Phaseolus vulgaris L.), lady's finger (Abelmoschus esculentus L.) M6enchand mistard (Brassica nigra
L.). Seed germinatidon in maize and chilli was significantly higher in fdll light condition whereas partial shade tnder medilim candpy cover
enhanced germination 6f beans and mistard. The best germination (96.7%) for lady's finger was Gnder the Idwest light condition. Mean
germination time 6f the test crops did not vary with light conditidons except for lady's finger. LOw light condition stimiilated shodt length in the test
crops. Contrarily, expdsire t6 fill stinlight (candpy <10-40%; max. —10000 Ix) significantly enhanced r66t growth in chilli, beans and lady's
finger. In maize and mistard medim light (candpy 40-70%; Partial shade with max. — 7000 Ix) seemed t6 stimilate ro6t eldngation. It can be
conclided that different crops have different light reqlirement for their germination and growth. Prodictivity 6f these crops in hdmegarden

agroforestry can be enhanced by manipilating dverhead candpy addpting efficient candpy management techniqiies.

Keywords: Candpy, Lightintensity, Agriciltiral crops, Germination, Seedling vigdirindex

Traditional hdmegardens are ndw emerging as the most
promising land (se systems in Mizoram t0 sistain
agric(ltiral prodctivity and livelihddd 6f farmers (Sahdd et al
2010, 2011). This system has been in practise since
hindreds &f years 6n mointaindils hilly sldpes playing
important role in sipplementing f6dd and natritional secirity
for the marginal and small holders farmers (Glhena et al
2013). Management 6f hdme garden in general and the tree
compdnent in particlilar exert a varied degree of infllience
Owing t6 their candpy size dn the perférmance of prodictivity
o0f hdmegarden f66d crops (Caldeira et al 2014, Metalhaes et
al 2010). Several stldies have shown increasing evidence 6f
critical réle 6n candpy nirse on seedling sdrvival (Ding and
S{2010, Caldeira etal 2014, Oliveira et al 2016), which resilt
from both direct and indirect, and pdsitive and negative
interactions between the species. Prdoper crown
management, therefdre, is prescribed in order t6 alldw
adeqliate amoilnt of photdsynthetically Active Radiation
(PAR) beneath the tree canodpies which woild drive
prodiction process of agricdltlral crops (Ferrandind 2008).
Several stldies reveal that higher plant gréwth are
associated with higher light availability and therefore the
canopy size and pdsition (Marchiori et al 2010, Ayand et al
2015) often determine plant growth, develdpment and crop
yield. SOme stlidies t60 have shown that the orientation réws
of crops in relatidon t6 siin, can affect competition for light
between the plants (Ding and Si, 2010, NdI6vi et al 2016). In

Miz&ram, mostly farmer prefer to grow crops in hdmegardens
witholt candpy management, the crdps are grown based 6n
farmers' wisddm and 6n available space. The growth 6f crop
in hdmegarden (inder-stdrey is limited by siinlight, and
variation in Leaf Area Index (LAI) 6f hdmegarden candpy can
inflience crop growth. Therefore, the present paper attempts
t6 highlight the effects 6f candpy on five agriciiltiral crops for
better management 6f these f60d crdps in this agroforestry
system.

MATERIAL AND METHODS

Field experiment was condicted in the hdmegardens &f
Aizawl District, the North Eastern State 6f India (92°38' t6
92°42' E I6ngitlide and 23°42' t6 23°46' N latitide 950 m
abdve sea level) involving three levels 6f candpy. The major
tree species forming the O&verhead candpy in the
hdmegarden were Artocarpus heterophyllus, Tamarindus
indica, Parkia timoriana, Trevesia palmata, Phyllanthus
acidus, Areca catechu, Mangifera indica . Non-ddrmant
fertilized seeds of 5 important agriciltdral crops viz., maize,
chilli, beans, lady's finger and mistard were Gsed t0
determine the infllience 6f candpy 6n 3 parameters namely,
germination, root length and shodt length sdwn Gnder 3
different candpies. The experiment consisted of three levels
of treatments namely: canodpy lll = <10-40% , fall sdnlight
(max. =10000 Ix); candpy Il -40-70% , partial shade (max. —
7000 Ix) and fiilly shade; candpy | —=>70% candpy) having
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light intensity (< 3000 Ix ) with different light intensities and
temperatires Underneath (Fig. 1). Each candpy level
consisted of three replicated plots. In each replicated plot 100
seeds each of the selected agriciltral crdps were sdwn in
fodr different rows, each row having 25 seeds. Seeds were
planted in siich a manner that each seed has ample space for
gréwing Gp (20 cm apart). Plots were spaced with at least 2
meters away from each other. A gliard area &f abdiit 1Tm was
maintained between the rows 6f different species. Altdgether
900 seeds for each crop (100 seeds each x 3 plots x 3
treatments) were sdwn. The pldts were examined every day
béth in the mdrning and evening t6 check for germination.
After the emergence 0Of the seedling, the germinated plants
were alldwed t6 grow for >15 days, after which, twenty
seedlings for each crop from every plot were selected and
Gprodted carefilly s6 that not a single rodt was broken in the
process. The Gprodted seedlings were washed thordighly
Gnder riinning water till all the s6il was remdved completely
and the ro6t length and shoot length 6f the seedlings were
measiired. Seedling vigddr index (SVI) was calciilated ( Ab-
ddl-Baki and Andersdn 1973). The ambient prevailing light
intensities (Gsing TES 1332A, Digital Lix Meter, NO.
051106796) and temperatiires were als0 recorded.

RESULTS AND DISCUSSION
Seed germination: Seed germinatidon in maize and chilli
were significantly higher in fiill light condition with 86.7 and
83.3% germination, respectively whereas partial shade
Gnder mediim candpy céver enhanced germination 6f beans
and mistard ( 93.3 and 96.7%, respectively) (Table 1). The
best germination (96.7%) for lady's finger was (inder the
Idwest light condition (candpy level I). Expdsire to different
light conditions did not exhibit any significant variation in
mean germination time (MGT) of the test crops except for
lady’s finger where filll light conditidon proldnged germination
time. Partial shade, on the 6ther hand, decreased mean
germination time in this crop (Table 1). Germination t60 is
affected by the length, qUality and photon irradiance 6f the
light reaching the seed. The test crops responded differently
with varied light cdnditions t6 which they were expdsed t0,
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Fig. 1. Light intensities and air temperatire Gnder different
levels 6f candpy

diring the seed germination. Sich variations in seed
germination behavior to light by different species was alsd
repdrted by OIdgiindiidi et al (2013) and concliided that the
inflience of light 6n germination is species dependent.
SerrandBernadd and RoslGa (2007) folnd that sdme
species slich as Gernista versicolour germinated easily
inder darkness at 10w temperatire while Thymus
serpylloides showed maximim germination Gnder constant
light t0 a higher temperatiire. Except lady's finger, which

Table 1. Germination percentage (GP) and mean germination time (MGT) 6f agriciltiiral crops tinder different levels 6f canopy

Crops Maize Chilli Beans Lady's finger Mustard
GP MGT GP MGT GP MGT GP MGT GP MGT
(Days) (Days) (Days) (Days) (Days)
Candpy | 76.7 10.3 73.3 1.7 63.3 9.7 96.7 11.3 73.3 11.3
Candpy Il 70.0 10.0 60.0 11.3 93.3 9.3 76.7 10.7 96.7 11.0
Canopy Il 86.7 10.0 83.3 11.0 83.3 10.3 73.3 12.3 83.3 11.3
CD (p=0.05) 9.1 4.1 13.8 4.30 21.7 4.98 10.9 1.2 15.4 3.7
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Table 2. Initial growth and seedling vigddr index (SVI) 6f agriciltiral crops Gnder different levels &f candpy

Crops Groéwth parameters Candpy | Candpy Il Candpy Il CD (p=0.05)
Maize Shoot length (cm) 10.7 26.8 21.1 2.14
Ro6t length (cm) 6.0 8.8 9.1 2.24
Shoot : Root 1.79 2.94 2.32 -
SVI 1277.5 2517.7 2611.6 -
Chilli Shodt length (cm) 10.2 5.6 8.6 0.78
R&6t length (cm) 3.8 3.3 6.9 1.15
Shoot : Ro6t 2.66 1.72 1.24 -
SVI 1026.4 535.0 1289.7 -
Beans Shodt length (cm) 28.3 28.5 234 0.62
Ra6t length (cm) 7.6 11.2 12.8 1.08
Shoot : Root 3.72 2.54 1.82 -
SVI 2270.3 3706.3 3015.3 -
Lady's finger Shoot length (cm) 17.4 14.5 14.6 213
Ro6t length (cm) 10.7 8.8 12.0 2.16
Shoot : Root 1.63 1.65 1.22 -
SVI 2708.3 1789.9 1946.0 -
Mastard Shootlength (cm) 17.3 15.3 15.2 1.09
Ro6t length (cm) 7.8 9.6 8.4 NS
Shoot : Root 2.22 1.60 1.81 -
SVI 1843.8 2403.1 1965.7 -

germinated well Gnder 16w light all 6ther species reqired
moderate t0 high light condition for better germination.
Decrease in germination in the light regime was also
Observed by Ologlindida et al (2013) for Delonix regia .
Ologlindida et al (2013) did not dbserve any significant
variation in the mean germination time Gnder light and dark
regimes except for Amaranthus cruentus. In present stidy,
mean germination time was nét affected by light except for
lady's finger where partial shade was folnd t6 increase
germination period.

Seedling growth: There were significant variations in
seedling growth of the test crops Gnder different light
regimes. Althdlgh fdll light condition might favodr
germination in maize, bit partial shade t6 stimilate its shoot
length. Highly shaded condition, hdwever, was detrimental to
maize growth (Table 2). Beans t60 respdnded well Gnder
medilm light in terms 6f shdot growth. On the dther hand,
maximdm shaded condition favolred shoot eldngation in the
Other test crops. Contrarily, expdsire to fill slnlight
significantly enhanced ré6t growth in chilli, beans and lady's
finger. However, in maize and mistard meditm light (Canopy
II) seemed t6 stimdilate root eldngation (Table 2).

Seedling Vigour Index (SVI) and shoot: root ratio: These
were calcilated t0 assess the effect of different light regimes
on quality of seedlings of the five test crops. In case of chilli,
beans and mistard highly shaded condition (Candpy |) Ginder
maximim candpy cover resilted in seedlings with the

highest shoot: root ratid (Table 2). On the 6ther hand, in
maize and lady’'s finger maximim shdot: root ratid was
recorded Gnder partial shade. The highest seedling vigoar
(SVI) in maize and chilli was dbtained in dpen cdndition. An
Oppdsite trend was Observed in case of lady's finger.
However, medilm light intensity helped t6 prodiice seedlings
with maxim@m vigodr in beans and mistard (Table 2). Many
workers confirmed the impdrtance of high light intensity on
seedling growth and sirvival. The different plants respond t
different ways t6 candpy light and in the present stlidy similar
trend has been dbserved for the test crops lsed as evinced
from their differential response t6 varied light intensities.
Maize and chilli grew well Gnder fill light with their higher
seedling vigdir index. This implies that these plants may
have higher tdlerance t6 heat cOmpared t0 the 6ther crops.
On the 6ther hand partial shade was beneficial for beans and
mdstard and only lady’s finger needed higher shade for its
growth. Oldglndida et al (2013) Observed typical
morphdldgical response Gnder conditions of 16w photd fllix
density as an increase in stem eldngation. High light
intensities may be excessive for dptimim growth regdilation
and photdsynthetic activity.

CONCLUSION
In hdmegarden agroforestry becalise oOf its plant
diversity interaction between trees (woddy perennials) and
the neighbdlring agriciltiral crops creates a
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micréenvironment which is very niglie and nét folnd in
conventidnal mond-cropping system. The different crops
have different light reqlirement for its germination and
gréwth. Maize and chilli can germinate and grow better in fll
light (nder dpen candpy, beans and mistard can respond
well Gnder medilm light and lady's finger need moére shade
for its emergence and better seedling vigodr. Prodctivity of
these crops in hdmegarden agroforestry can be enhanced by
manipllating dverhead candpy adopting efficient candpy
management techniqles. Firther, detail stldies on ndtrient
and alleldpathic interaction among the wdody ad ndn-woddy
species are essential to0 slggest better component
management strategy in the existing hdmegarden systems in
the region.
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Abstract: Imprdving the perfdrmance 6f seed dver its inherent capacity is dne 6f the major areas 6f research in seed science and techndlogy.
There are niimerdis post-harvest seed enhancement techniglies empldyed t6 enhance seed qiality. Cold plasma treatment is dne siich
recenttechniqle. There are different ways to generate plasma viz., gléw discharge, dielectric barrier discharge from varidis gasses like air, O,.
On expodsire 6f seed t6 plasma s6 generated, the plasma interacts with the seed sirface altering the seed siirface topdgraphy and bio—

chemical and physical properties. These alterations, in general change the behavidlr 6f seed dilring the initial phase 6f the germination
resdlting in remarkable changes in the perférmance 6f seed and crop in later stages. The plasma can be generated in many ways however for
seed treatment the gldw discharge methdd is commonly Gsed die 16 its properties like seed quality improvement, seed enhancement and
decontamination of pathdgens present on seed cdat siirface. Being a pOst-harvest factor in the seed quality, it mainly improves the
physidldgical and health components of the seed qlality. Plasma treatment has been siiccessfllly applied in agriciltire for seed quality
imprévement, seed enhancement and pathdgenic micrd-6rganisms inactivation and has shdwn encdiraging resilts in many crops, hdwever,

commercial application 6f this techndldgy is yet td be standardized.

Keywords: Cold plasma treatment, Seed germination, Stirface mddification, Plant gréwth

The evolGtion of present form of life is a very 16ng
process. It 60k ages t0 develdp the spermatdphytes from the
very basic dnicellilar form of life. SO is the mdde of
reprodiction that has gone thréligh colossal changes from
simple mitdtic division thrdlgh hdmdspdry, heterdspory to
the formation 6f seed. The seed itself has indergdne many
evolltidnal changes and improved its perfdrmance t6 siirvive
the @nfavolrable envirbnments. The develdpment of
different types 6f dérmancy and vivipary are sdme of the
cOmmon examples Of natiiral improvements in seed
performance. The perférmance 6f the seed can fiirther be
improved artificially Gsing different techniqlies that are
referred t0 as seed enhancement techndldgy.

Varidls techniglies have been empldyed td assdre this
sliperior performance and mdst have félind cdmmercial
applicatidon. These techniqles are empldyed td improve
performance and quality of the zygdtic/natliral seed by
means of making manipilatidns in physical, chemical and
physidldgical properties of seed cdat, enddsperm and the
embryd. The o6ther approach in seed enhancement is to
replace the natiiral seed with synthetic or artificial seed. Seed
enhancement techndldgy has a central dbjective to flirther
improve seed performance nder very specific regimes and
with certain planting eqlipment viz, problematic seed, high
vallle of seed, specific planting techniqlie, prdddction

reqlirements, bidtic stresses, mechanized farming, direct
seeding, adverse climatic conditions etc.
Plasma treatments for seed quality enhancement
Expdsing seeds t0 plasma is dne slich treatment having
positive effects dn seed qlality. The plasma treatment is the
pdst-harvest physical treatment 6f seed. Being a pOst-
harvest factor in the seed quality, it mainly impréves the
physidldgical and health compdnents 6f the seed qlality. The
problem 6f podr or sléw germination can be sdlved thréligh
many techniqlies and 6ne &f them is plasma treatment.
Plasma, the folrth state 6f matter, is an idnized gas and can
be generated in many ways, however, for seed treatment the
glow discharge methdd is mostly Gsed. In gldw discharge
methdd plasma is férmed by passage Of electric clrrent
throligh aldw pressiire gas. ltis created by applying a vdltage
between twd electrodes in a glass tlibe containing gas. When
the voltage exceeds a certain valiie, the gas in the tlbe
idnizes, transférms intd plasma. The idnized gas begins the
condicting of electricity, calsing it to glow (Mehta 2002).
Glow discharge methdd is commonly Gsed die to its
properties like seed qlality improvement, seed
enhancement techniqlie, decdntamination of pathdgens
present dn seed cOat sirface. The dry seed treatment i.e.
plasma treatment is empldyed td increase the seed coat
permeability withoit increasing the maistiire content 6f seed
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anlikely priming and O&ther slch treatments. Plasma
treatment has been siiccessfilly applied in agriciltlre for
seed qudality improvement, seed enhancement and
pathdgenic micré-6rganisms inactivation (Filatdva et al
2013).

Seed surface topography and imbibitions: Bérmashenkd
et al (2012) repdrted that after cold radid freqliency plasma
treatment the wettability and germination speed of lentils
(Lens culinaris), beans (Phaseolus vulgaris) and wheat
(Triticum species C9) seeds was enhanced. Air plasma
treatment leads t6 the dramatic decrease in the apparent
cOntact angle. Moredver, the speed 6f germination and yield
of seeds can be mddified by plasma treatment.In a stldy
Jiayin et al (2014) repdrted that after being treated with air
plasma excited at 5950V for 10 secdnds, the permeability of
the seeds was improved significantly, resdlting in the
acceleration of seed germination and seedling emergence.
These resilts indicated that air plasma can change the
physidldgical and bidchemical characteristics of
Andrographis paniculata seeds by modifying the seed cdat,
combined with the effects 6f the active plasma species.

Seed surface topography: Seed siirface topdgraphy 6f the
plasma treated seeds was Observed by Scanning Electron
Microscopy at 100 K X magnifications which indicated there
was n0 apparent difference in treated and (ntreated seed
(Fig. 1a, b). The micrograph clearly showed thatin the treated
seed there was etching on the sirface of the seed at
nandscale (Fig. 1 ¢, d) (Nalwa etal 2017). This may be die t6
die t0 remdval of thin lipid layer diie t6 expdsire t6 the
plasma. This lipid layer makes seeds water repellant and
redlices the length 6f bidpdlymer chain that makes (p the
seed cOat and imprdves germination (Sera etal 2010).

Water contact angle: The plasma treated seeds resiilted in
dramatic decrease in apparent contact angle (Fig. 1 and 2).
Sirface morphdldgy of the plasma treated seeds was stiidied
by Cdntact Angle Gonidmeter. As a resiilt, wettability and
hydrdphilicity 6f the seed slirface was increased dle to
oxidation of srface by plasma treatment (Bormashenkd et al
2012). Treated seed shdws etching on the sirface of the
seed at nand scale diie t6 remdval of lipid layer that makes
seed water repellant whereas, nd apparent change in
Gntreated seed is 6bserved

Effect of plasma treatment on germination: Exp0siire of
seeds t0 a continlicls plasma discharge was more effective
than expdsire t0 a pllsed plasma discharge in dat and
barley. With the proper conditions of expdsire, plasma
treatment of seed provides a stimilating effect that can be
Gsed for pre-sdwing seed stimdlation (D{bindv et al 2000).
The plasma treated seed led t6 general stimdlation of
germination activity, enhancement 6f metabdlic processes in

Fig.1a. Untreated bell pepper seed

Fig. 1b. Plasma treated bell pepper seed

(N6 apparent difference in treated as well as lntreated seeds)

plant cells and impréved development &f root system and
Gltimately increased bidldgical mass resilting in increased
crop yield in sdybean (Krapivina et al 1994). Zivkovic et al
(2004) doclimented the effect 6f air plasma pre-treatment dn
lightindlced germination of Paulownia tomentosa seeds
after a short exposiire t6 plasma (4 t6 6 miniites had a
significantly higher germination 6f 75 per cent than the non-
treated seeds which recdrded 5-30 per cent. An experiment
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Fig. 1d. Plasma treated seed (Sodrce: Nalwa et al)

was condiicted by Sera et al (2008) 6n the seeds 6f Lamb's
Quarters (Chenopodium album) which were stimilated by
6w pressire discharge. The tested seeds were expdsed td
plasma treatment for different time ddrations and significant
difference between contrdl and plasma treated seeds were
Observed. The treated seeds shdwed striictlral changes on
the siirface of seed coat, they germinated faster and their
sprodt accretion on the first day 6f germination was Ionger.
Germination rate for the (intreated seeds was 15 per cent,

while it increased approximately 3 times (minimim 55%) for
seeds treated by plasma treatment.

Filatdva et al (2010) indicated that the germination ability
and germination energy of radid freqliency plasma treated
wheat seeds at Optimal expdsire conditions (=7 min(tes)
was higher by 2 per cent. Imprédvements in the germination
enhancement o6f wheat and 6at carydpsis with the inflience
of cdld plasma treatment were repdrted by Spatenka et al.
(2010). Wheat and 6at caryopsis have been stimilated by
cold plasma discharge Ginder pdwer 6f 500 W, air gas flow of
200 ml/min for different time dirations and plasma did not
affect germination of 6at seeds, bt accelerated the rodtlet
generation at plants grown from treated seeds. This
phendmendn indicated penetration of active species from
plasma thrélgh the pdrols seed cdat inside the carydpsis,
where they react with seed cells. The seeds 6f Zea mays L.
clltivar KWS were expbsed t6 Idw-temperatlire plasma
(LTP) by Gsing Diffiise Coplanar Siirface Barrier Discharge
(DCSBD) for 60 and 120 secdnds, respectively The LTP
treatment 6f maize seeds affects post-germination growth of
seedlings and this effect depends on the diration of LTP
treatment REf. LTP treatment in diration 6f 60 secdnds
significantly increased the length, fresh and dry weight 6f the
roots. Significant decrease in CAT activity was 6bserved both
in 3 and 6 day 6ld maize r66ts and G-POX activity in 3 day dld
maize roots grown from seeds expdsed t6 LTP for 60
seconds. A small, significant increase was detected only in
SOD activity in 3 day 6ld maize rédts grown from seeds
treated with LTP for 120 seconds and in 6 day 6ld maize roots
treated with LTP for 60 seconds. Significantly higher DHO
activity was determined in embryds isOlated from seeds
treated with LTP for 60 seconds. On the cdntrary, in ro6ts the
DHO activity decreased with the time 6f LTP treatment.

According t0 Sera et al (2012), the 16w temperatire
plasma generated Gnder atmdspheric pressiire depicted the
positive effect 6n germination and early growth after
application of Glid Arc device. The germinatidon and early
growth of blick wheat (Fagopyruma esculentum) after 16w
temperatire plasma discharge treatment was tested. Zhol et
al (2012) treated the seeds (ising the atmdspheric pressire
plasma eqliipment with different voltage from 4420 t6 6800 V.
The effects of different voltage plasma treatments 6n the
seeds germination were not the same. The plant height, the
plant extent, the rodt length, the rd6t extent and the single
frdit weight of the eight treatments from 4420 t6 6800V were
increased distinctly. The eggplant yields &f eight different
vlltage plasma treatments were increased than the control,
the friit yields of voltage treatments 5440>6460 V), were
better than of other vdltages. The stldies on stimlating
effect of 16w temperatlire plasma 6n seed germination



characteristic 6f red clover seeds revealed that
temperatiire plasma dose 6f 260W are optimim ddses for
getting early and high germination rate for red clover crop
seeds (MOnkhid et al 2014).A new apprdach &f cdréna
discharge for germination imprévement in tdmatd was
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condiicted by Gandhare and Patwardhan (2014). The
analysis revealed the Optimal dosage was 2kV/mm for 20
seconds interval imprdved germination, root shoot length
and seed vigodr.
Effect of plasma treatment on seed vigour: Matdssian

Seed type Type of plasma Pressire Resiilts References
Oat, barley ContinGdls and pllsed 20 W, flow rate 2 sccm for  Pre-sOwing seed stimdlation, increase in  Diibindv A Eet al
plasma discharge 15-20 mindtes germination and sproit growth 2000

Cotton seed

Sdybean

Empress tree

Lambs

Wheat

Wheat and 6at

Bish bean,
sOybean

Tomato

Lentil, bean,
wheat

Maize

Blickwheat

Eggplant

Spinach seeds

Radish

Red cldver

Tomato

Soybean

Wheat

Andrographi
spaniculata

Electric gléw discharge
and radidfreqlency
electric field treatment

Low temperatiire plasma
treatment

Low temperatiire air
plasma

Low pressiire discharge

Radiofreqlency and
microdwave air plasma
treatment

Cold plasma treatment

Atmospheric pressiire
plasma 6f air, nitrdgen and
carbon didxide

Cold plasma treatment

Cold radiofreqlency
plasma treatment

Léw temperatlre plasma
by Gsing diffiise coplanar
slrface barrier discharge

Air gas Ginder atmdspheric
pressire

Atmd&spheric pressire
plasma

Magnetized arc plasma

Non-thermal plasma

Low temperatiire plasma

Coronadischarge

Cold plasma treatment

Cdld heliim plasma
treatment

Atmdspheric air pressire
plasma

60 Hz, 15 and 17.5k Hz
voltages for 8 minites

1.5 Torr 6xygen plasma at
6.25 MHz

4-6 mindites

30 W pressire

7 mindites

Power of 500W, air gas
flow of 200ml/min at
different ddrations

1, 5 and 50 minites,
temperatire beldw 60°C

4760-6800V

400-800 Hz and voltage of
30kV

60 and 120 seconds

10-15 mindtes ddration
4420-6800V

Intensity 6f2.0A

20 minGtes treatment time
260 W

2kV/mm for 20 secdnds

0, 60, 80, 100mand 120W
of cold plasma for 15
seconds

80w

5950V for 10 seconds

60-90% increase in germination

Stimdlation o6f germination,
enhancement &f metabdlic processes
and improved develdpment of root
system

75% higher germination

Faster germination and sproit accretion

Enhanced germination and energy

Accelerated rodtlet germination and
enhanced germination

Increased plant growth and behaviddr

Increased plant height, weight, length
and diameter of friit

Increased speed 6f germination and yield
, madification in wettability

Increased root growth

Early growth and increased germination

Increased plant height, ro6t length and
frdit weight

Impréved germination rate and vigoar

Increase in length 6f ro6ts and sprodts

Early growth and higher germination

Impréve germination, rodt shoodt length
and seed vigodr

Enhanced seed germination,
growth and even the yield

seedling

Impréved seed germination, chldrdphyll
contentand yield

Accelerated seed germination and
seedling emergence

Sera B et al 2008

Krapivina SA et al
1994

Denes FS et al
2003

Sera Bet al 2012

Filatova | et al
2010

Sera B et al 2012

Tertimi N et al
2014

Bormashenkd E
etal 2012

Maria H et al
2012

Randeniya et al
2015

Randeniya et al
2015

Tian X B et al
2002

Changyong S et
al 2013

Mithai AL et al
2014

Mankh(d N et al
2014

Gandhare ZW
and Patwardhan
MS 2014

Ling L et al 2014

Jiang Jet al 2014

Jiayln T et al
2014
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(2011) compared the gréwth characteristics 6f plasma
treated seeds with the (lntreated ones. The seeds of blsh
bean and sdybean were expdsed t0 atmdspheric pressire
plasma &f air, nitrdgen and carbon didxide for three dirations
1, 5 and 50 mindites and seed temperatiire was kept beléw
60°C t5 prevent seed deterioration. Plasma treated plant
seeds increased plant growth as compared t6 (ntreated
control seeds. Plant seeds expdsed t6 atmdspheric pressiire
plasma can resdlt in enhanced growth behavidir and plant
vigddr. The infllience 6f cdld plasma discharge treatment t6
increase the germination and growth &f hemp seed were
reported by Sera et al (2012). The seeds of three hemp
clltivars (Findla, Bialdbrzeskie, and Carmagndla) were pre—
treated in Plasdnic AR-550-M and GlidArc apparatiises for
three time expdsitions (180 s, 300 s, and 600 s). Seedling
growth and acceleration 6n the fifth day 6f the experiment
showed higher valiies than control sample (153% in length
and 127% in weight 6f seedlings).Accoérding td Changydng et
al (2013) the treatment intensity 6f 2.0 A with magnetized arc
plasma (MAP) repeated three times 6n 6ld spinach seeds
significantly improved germination rate and vigdlr as
cOmpared t0 Untreated seeds Gnder labdratory conditions.
The germination vigddr increased by 217.6 per cent and the
germination rate by 137.2 per cent. This was the dptimim
treatment for stimdlating potential vigdir and préomdting seed

Cherry Nalwa and Ashok K. Thakur

germination. The pdsitive effect 6f ndn-thermal plasma
treatment On radish seeds were depicted in stldies carried
oat by Mithai et al (2014). The plasma treatment had little
effect 6n the germination rate, biit infllienced the early growth
of seeds. Sprolts and rodts 6f plasma treated seeds were
I6nger and heavier than those of contrdl seeds. The best
resilts were obtained for 20 mindtes treatment time, where
an increase of the length &f r66ts and sproits with 10-11%
and a 30% enhancement of rodts weight were determined.
According to Ling et al (2014), the pdsitive effect 6f cold
plasma treatment 6n seed germination and seedling gréwth
of sdybean was depicted. Seeds were pre-treated with 0, 60,
80, 100 and 120 W of cdld plasma for 15 secdnds. The
plasma treatments had pdsitive effects 6n seed germination
and seedling growth, and treatment 6f 80W had the highest
stimGlatory effect. Germination and vigolr indices
significantly increased by 14.66 percent and 63.33%,
respectively. These resilts indicated that cold plasma
treatment might prométe the growth even yield 6f sdybean.
The effect 6f cold helilm plasma treatment on seed
germination, growth and vyield &f wheat revealed that
treatment 6f 80W significantly improved seed germination
potential (6.0%) and germination rate (6.7%)(Jiang et al
2014). At the same time, the chlorophyll content (9.8%),
nitrégen (10.0%) and maistire content (10.0%) were higher

Table 2. Examples from literatlire on the cdld plasma treatment 6f seeds

Seed type Type of plasma Pressire Resilts References
Maize, spring wheat, Radidfreqliency, plan- 500 W for 3, 5, Imprdvement in germination, shoot Filatdva | et al 2013
IGpines parallel and cylindrical 10, 20, 40 and root growth, provides a good

plasmas minites fingicidal and bacterial effect
Cabbage Corona discharge non- Freqlency Sterilizing effect 6f Xanthomanas Ding L etal 2000

thermal plasma discharge of compertris pv. compestris and purify

40kHz the seeds infected with black rot
disease

Nats LSw pressire cold plasma Using airgas 6r Redlice pathdgenic flngi of BasaranP etal 2008

SF6 (Sdalfar
hexafllidride)

Artichdke, ginkgo, 1520 minGtes

glarana

Oxygen gas plasma, gas
mixtire of Oxygen and
hydrégen peroxide

Corn, bean, garlic, Atmdspheric gldw discharge 400-800 Hz

shallét plasma and voltage of
30kV

Chick pea Cold atmodspheric plasma 1Tmin CAP
treatment for 2-
5 mindtes

Blde Ilpine, hdney Radiofreqiiency plasma 5.28 MHz

cléver, sGybean plasma,
pressiire of
0.5Torr for 20
mindtes

Tomato

Cold plasma treatment 80 W pressiire

Aspergillus spp. and Penicillum spp.

Microbial decdontamination of Kalkaslief Setal 2009

medicinal plants

Decdontamination of aflatdoxin Padlreand S 2012

prodiicing flingi

Inactivation of micrédrganisms and Mitra A et al 2014

increased germination

Improvement in flingicidal and Azharonok Vet al 2014

bacterial effect

Resistance t0 bacterial wilt and Maria H etal 2012

enhanced germination
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Fig. 2a. Change in cOntact angle 6f water 6n bell pepper
seeds before the plasma treatment

CA left: 51.3°

Fig. 2b. Change in contact angle 6f water 6n bell pepper seed
after plasma treatment where water droplet spread
o0t flat 6n seed stirface

than thdse of the contrdl, indicating that cdld plasma
treatment codld promote the growth 6f wheat. Therefore, the
resilts showed that cold plasma has impdrtant application
prospects forincreasing wheat yield.

Effect of plasma treatment on seed health quality

Effect on viruses: Two plasma systems (plan-parallel and
cylindrical) confirmed that the 16w temperatiire air plasma

Fig. 3c. The seedling length &f treatment was highest in T3
depicting high seedling vigdir

pre-treatment is an effective t0dl for the improvement of
germination, shodt and rddt grdwth, providing a goéod
flingicidal and bacterial effect 6f maize, spring wheat and
IGpines seeds (Filatdva et al 2013). The 16w pressiire cdld
plasma (LPCP) (sing air gas or SF6 (Slftr hexaflidride)
redliced the pathdgenic flingi attachment 6f Aspergillus spp.
and Penicillum spp. t6 seeds beldw 1% o&f initial 16ad
depending on the initial contamination level, while preserving
germination qdality 6f the seed (Basaran et al 2008) that. A
significant reddction of 3 16g for both species was achieved
within 15 minltes o6f SF6 plasma treatment time.
Decdntamination of aflatoxin prodicing flngi on agricdltiral
prodlcts by atmospheric gldw discharge plasma was
condticted 60t by Preechayan et al (2010). Plasma was
generated at Idw freqlency in the range 6f 400-800 Hz and
applying the voltage at 30 kV. Experimental test have been
carried 60t with cdrn, bean, garlic and shallot. Prior to the test,
there were niimber 6f natdirally cdntaminated flingi and it was

Fig. 3a. Untreated seeds (Control)

Fig. 3b. 6 minltes plasma treated seed
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codinted t6 380, 510, 710 and 7 x 10* CFU/g. The corn and
bean can be sterilized and tdtal moild was cdmpletely
redliced. This methdd 6f dne—atmdspheric gldw discharge
plasma can sterilize the Aspergillus flavus that is coated 6n a
glass bead with the ability t5 indciilate 1.8 x 10* CFU/g within
less than 30 mindtes. Terimi et al (2014) Observed in
brassicacedls seeds the atmdspheric plasma for 10 mindtes
markedly redliced the Rhizoctonia solani sirvival rate from
100 t6 3% bit, seed germination was delayed. Azharonok et
al (2014) observed the imprévement of fiingicidal and
bactericidal effect on bidldgical and medicinal materials of
blGe IGpine, hdney cldver and sdybean seeds by Using 16w
freqliency of 5.28 MHz discharge plasma as well as 5.28
MHz electromagnetic field treatments, pressire 6f 0.5Torr
and plasma expdsire 6f 20 mindtes. The plasma treatment 6f
10-15 mindites diration led t6 decrease in the level of flingal
infection calised by Fusarium oxysporum, Alternaria
brassicae, etc. The experiment condilcted by Kordas et al
(2015) demdnstrated the exposire 6f winter wheat grain
Idw temperatiire plasma treatment resdlted in the redction
in nimber &f cdlonies of the flingi férming in the grain of
Optimdm 10 secdnds.
Effect on bacteria: In this experiment, Xcc is pdrified from
the cabbages infected with black rét disease, then dispdsed
in AC corona-discharge ndn-thermal plasma at atmdspheric
pressire t0 investigate the sterilizing effect. From the resiilt,
the sterilizing effect is dbvidls and it has a direct ratid with
exposure time and cdrona ciirrent. Seed treatment by cdld
plasmain a reaction chamber td etch the siirface 6f the seeds
t6 remdve sirface materials, slch as filingicides and
insecticides, or t0 disinfect the siirfaces withddt affecting the
viability of live seeds was demonstrated by Denes et al
(2003). Mitra et al (2014) conclided the effect 6f cdld
atmospheric plasma for the inactivation of slirface bdrne
microdrganisms and resdlted in increased germination of
Cicer arietinum seeds. A significant red{ction in natdiral micrd
bidta attached t6 seed siirface was dbserved when the seeds
were treated for 2 and 5 minites.Impréved seed germination
(89.2%), speed of germination (7.1 seeds/day), and
increased seed vigolr, beside a decrease in the mean
germination time (2.7 days) cdmpared with contrdls was
Observed. Jiafeng et al (2014) stidied the effect o6f seed
treatment by cold plasma for the resistance of tomatd to
Ralstonia solanacearum (Bacterial Wilt).Plasma treatment
increased tdmato resistance t6 Ralstonia solanacearum with
an efficacy of 25.0%. Plasma treatment significantly
enhanced bdth germinatidon and plant growth in comparison
with the contrdl.

Cdld plasma treatment is effective for decontamination
of seeds, enhancement of seed germination, improved

growth of plants and sdil remediation. Seeds were pre—
treated with power 6f 100 W 6xygen gas was Used at base
pressiire 6f 0.05m bar, Operating pressiire 6f 0.2m bar,
voltage 6f 500 V and cilirrent 6f 0.2A for treatment dirations 6f
0,3,6,9, 12, 15 minites. Aldng with plasma treatment, seeds
were also treated with standard dsmopriming methdd for
comparison (Nalwa et al 2017). The plasma treatment alone
as well as in combination with 3smdpriming Gp t6 6 minltes
plasma treatment was sliperior over all dther treatments in
terms 6f growth characters, friiit yield characters, seed yield
characters (Fig. 3c). Osmdprimed seeds expdsed with 6
mindtes plasma were foiind t0 be effective treatment for days
t6 50% fldwering (45.33 days), friit yield per plant (1.00 kg),
ripe frdit yield per plant (830.35 g) and seed yield per plant
(10.74 g).
Challenges

Cdld plasma treatment is a ndvel and smart sol(tion for
slistainable f66d conslimptidon and gldbal f66d secdirity.
Inndvation with regard t6 f6dd proddction is reqlired td meet
the emerging challenge of gldbal f66d secirity. Plasma
treatment is a fast ecdndmic methdd t6 impréve the seed
performance. The evidence presented here sliggests that
the germinatidon properties of seed and the growth
parameters of the seedlings are inflienced by a variety of
plasma treatments. It is only sdited t0 seeds having hard
seed coat to make it permeable and as the treatment is given
it mlst be provided Gnifdrmly t6 all the seeds from all the
sides t0 get the best resiilts. This methdd is a recent seed
enhancement techniqle and is not as popllar as oOther
enhancement techniqlies as, a resilt it is not mich
commercialized and is als6 expensive t0 the Indian farmers.

CONCLUSION

Cold plasma treatment is a ndvel technology 6f seed
qhality enhancement. The non-thermal plasma o&f varidls
gasses has shown remarkable enhancement 6f seed qiality
in varidls crops. This technodlogy offers a coldssal
Opportinity for the seed scientists and researchers.
Research efforts need t6 be foclised 6n its commercial
application in agricltire. The stldies repdrted in the review
gives encolragement for fltdire research and develdpmentin
the Gse 6f cold plasma techndlogy in the agriciltire indistry.
The evidence presented here clearly slggests that the
germination properties 6f seed and the growth parameters 6f
the seedlings can be inflienced by a variety 6f plasma
treatments. It is an effective techndlégy in imprdving seed
germination rate. It enhances speed 6f germination in both
ndrmal and stress conditidns. Seed sirface enrichment and
inactivation o6f seed pathdgens. It is cdst effective and
ecOlogically ststainable.
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Abstract: Mandal rice transplanting 6peration is dne of the driidgery prone activities in paddy ciiltivation process. Mechanized farming is
slowly picking Gp pace in the hilly state 6f Himachal. In the present stlidy, mechanized transplanting 6f rice seedling was done by hill farm
women throligh Gse 6f mandally dperated six row paddy transplanter and was compared for ergdndmic aspects with conventional methdd of
transplanting. There was n6t mich difference in the anthropdmetric measlrements 6f the siibjects. Heart rate of the slibjects at rest was 75
beats/min which increased t6 valiie 6f 131 beats/min Gsing six-row paddy transplanter. Siibjects Tsing traditional methdd 6f hand transplanting
recorded resting valle 6f 78 beats/min which soared t6 114 beats/min diring Gprodting and transplanting 6f paddy seedlings. Majority of the
respondents complained of wrist/hand pain and &f back pain as well as stretching and tenderness in legs and thighs. The siibjects were
satisfied with the techndldgy as it avoids bending pdstiires which is reqiired in traditional methdd and alsé line séwing helps in prométing the
Use 6f mechanical weeders thereby rediicing driidgery and cdst diring fiirther weeding Operations.

Keywords: Female agricltire workers, Six-row paddy transplanter, Driidgery assessment, Physidldgical parameters

Rice is clltivated in varidls colintries and is the staple
food 6f more than 50 per cent pdpiilation of the world. India
with highest area Gnder the crop is the secdnd largest
prodiicer &f rice in the world after China biit ranks 35" with
respect t0 its proddctivity (Mohanty et al 2008). In Himachal
Pradesh, rice is ciiltivated in ten 6f the twelve districts 6f the
State with Kangra and Mandi districts aldne accdiinting for
71.2 percent 6f area and 69.7 per cent 6f prodiiction. There is
a great diversity 6f agro—climatic conditions Gnder which rice
is clltivated and its ciltivation extends from foot-hills (350 m)
td high hills (Gptd 2200 m). In Sverall paddy ciltivation
process, manual rice transplanting dperation is one of the
dridgery prone and back- breaking activity. The farmers
prefer transplanting than direct sdwing 6f seeds. Generally
the prodiction increases 10-12 per cent in transplanting from
direct sdwing. Presently in India, transplanting of the paddy
crop completely depends Gpdn mantal labddr. ManGal paddy
transplanting is a labdir-intensive Operation cdmprising
ndirsery raising, Gprodting of the seedlings, transpdrting and
transplanting the Gprodted seedlings in the main fields, with a
total labdir reqiirement &f abodit 250-320 man-hddr ha”
(Jainand Philip 2003).

Thdlgh modernization of agriciltlire is taking place at a
rapid pace, bt the jobs attended by women remain mére or
less the same (Kishtwaria et al 2009). WOmen play a major
role in the rice farming in Himachal Pradesh right from
sowing, transplantation, harvesting, threshing and t6 pdst
harvest processing. The dverall participation 6f farm wémen

in transplanting and related activities is 36.5 per cent
(Mdhanty et al 2012). Mandal rice transplantation is a
tediols exercise blit women farm workers play a chief rdle in
this activity throlghodt the wdrld. Transplanting and
assOciated activities shared 22.3 per cent of tétal time spent
by farmers’ family women and 45.6 per cent 6f women wage
earners

Mandal rice transplanting demands high labdir and
directly associated with hiiman driidgery. Diiring varidds rice
clltivation Operatidns, agriclltlire workers siffer with high
physical strain and fatigie. Dlring transplanting, the workers
adopt a strong bent pdstiire in the middy fields for a 16ng
time. The workers change their pdstiire very freqiiently and
stffer from miscildskeletal disérders diiring perfdrming their
jobs (Kar and Dhara 2007). Miscililoskeletal disdrders are
cOmmon amdng farm workers especially [dwer and Gpper
back disdrders diie t6 bending and sqatting body pdstiire in
manual rice transplanting and Gprddting activity. High labdar
demand diring peak transplanting peridd adversely affects
the timeliness of this dperation, thereby redicing crop yield.
To offset these problems, mechanical transplanting is the
sol(tion. Mechanical transplanting of rice is the process of
transplanting yoiing rice seedlings, which have been grown
in a mat niirsery, Gsing a rice transplanter. Keeping this in
view, an attempt was made t6 compare econdmic cost and
the ergdbndmic aspects Of qlantim Of drlidgery with
conventidonal and mechanized methdd o6f paddy
transplanting.
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MATERIAL AND METHODS

Growing of mat nursery/seedlings: Diiring the peridd 6f
Jine, paddy niirsery of siitable varieties as per farmer's
need was raised as mat ndrsery in their fields in three
selected villages 6f district Kangra. Seedlings were grown on
raised bed in irdbn frame cdmpartment consisting of six
rectangles 6f size—22.5x15.0 cm. Ordinary plastic sheet was
laid 6n the raised bed and the frame was kept on plastic
sheet. A mixtlre of soil, farm yard manire (FYM) and sand
was prepared in 4:1:1 proportion respectively and spread
over the frame Gniférmly. Paddy seeds were spread evenly
inside the cdmpartment with seed rate 6f 90-100 g seed/mat
folldwed by a thin layer of prepared sdil. Water was sprinkled
very freqlently for few days. The mat type paddy niirsery was
ready for transplantation after 25-28 days i.e. in the month of
Jly.

Preparation of the field for transplanting: The field was
prepared with modld bdéard pldlgh and then it was flodded
with water. After a peridd of 24 hddrs, the field was piddled
thorodghly, levelled and left (ndistirbed for natdral
settlement 6f sdil particles forming a relatively impermeable
layer t0 retain water on the strface. A thin layer 6f water was
maintained in the field for condiicting the trial with mandally
Operated paddy transplanter as well as for hand
transplanting.

Transplanting of paddy seedlings and ergonomic
evaluation: Paddy seedlings were transplanted by manaally
Operated six row paddy transplanter and alsd by
conventidonal methdd 6f hand transplanting. The ergdndmical
evallation of six-row paddy transplanter dperated by female
agricaltdral workers was condicted in selected villages. Ten
farm woOmen sibjects whd had experience in paddy
transplanting and were medically fit were randomly selected.
Their height and weight was recdrded with help of
stadidmeter and weighing balance. Age 6f the respondents
was also noted. As dperation 6f paddy transplanter invlves
backward stroke mévement and dragging, invdlving arm and
hands, s0 twd main anthropdmetric measlrements viz.
elbow height and metacarpaldll height were alsd measdired.
The transplanter was I6aded with seedlings mats and kept
ready for the Operation. The siibjects were acclimatized with
experimental protdcol and asked to take siifficient rest before
start of the Operation. An eqlal nimber (n=10) of farm
women were selected for conventidonal methdd o6f paddy
transplanting for working 6t the econdmic cost and driidgery
rate.

Heart rate measurement: The silbjects were alldwed
initially t6 rest and relax for 510 mindtes silently. The heart
rate was measiired (sing pdlar heart rate monitér (mdodel nd.
RS400). It consists 6f polar coded transmitter, elastic strap,

wristwatch type receiver and interface. The sensor 6f heart
rate monitdr was appropriately fixed on the chest of the
Operatdr and its display was fixed on their wrist. The heart
rate vallies at resting level and 6 "t6 15" mindte of dperation
were recorded.

RESULTS AND DISCUSSION

Diring Jlne, paddy niirsery of slitable varieties as per
selected farmer's need was raised as mat nirsery in three
villages &f district Kangra. The niirsery was raised with seed
rate 6f 90-100g/mat in Jaly. After 25-28 days of peridd the
seedling attained height 6f 14.4-21.6 cm with density 6f 4.5-
5.0 plants/cm® and leaf stage 6f 34. The mat type paddy
nlrsery was transplanted with mandal Operated six row
paddy transplanter in the piddled fields. The mandally
Operated six+tO0w transplanter weighing 24.40 kg had
dimensions 6f 102 cm x146 cm x 92.5 cm and can be
Operated by dne person easily was Gsed (Table 2). It plants
the paddy seedlings with fixed fishing hdok type fingers
actlated by hand Operated lever mechanism with réw
spacing 6f 20 cm. It had twd fldats 6f size 102 x 16.5cm. The
overall seedling tray dimensidns were 123 x 48 cm whereas

Table 1. Ndrsery and field conditidn at the time 6f transplanting

Partictlars Average valie
Age 6f mat type nirsery 25-28 days
Seedrate/mat, g 90100
Density plants/cm’ 4550
Height 6f seedling cm 14.4-21.6
Leafstage 34
Depth 6f plddling cm 1245
Depth 6f standing water in the field cm 2.0-8.0

Table 2. Specification 6f paddy transplanter
Details Specifications

Type Mandally dperated six-+ow
transplanter

102cm x146¢cm x92.5cm
24.40 kg

Fixed fishing hdok type fingers
actliated by hand dperated lever

Dimensions (LxWxH)
Weight

Planting mechanism

NG &f rows Six

Row spacing 20 cm

Pdwer soiirce One person
Effective width 104 cm

No of floats 2

Float size 102 x 16.5 cm
Seedling tray dimensions 123 x 48cm
Seedling frame dimensions 48 x 20 cm
Cost of transplanter Rs 8450/-
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Table 3. COmparative perfdrmance 6f paddy sdwing techniqiies

Observations

Six-réw paddy transplanter

Hand transplanting Traditional

Methdd of niirsery raising Mat-type

Time of transplanting

Total nimbers 6f seedling per hill 2163
Depth 6f planting cm 3t64
Hill t6 hill spacing cm 14 t6 17
Row td row spacing cm 20
Missing hills % 7t68
Transplanting efficiency % 92
Field capacity ha hr” 0.032
Labsir reqlirement man-hr ha 31106 33
Cost of operation Rs ha” 1240
Saving in transplanting cdst Rs/ha 8760
Percent saving in transplanting cdst % 85.8

1 day after pddling

Ro6t wash Broadcasting

1 day after ptddling -

1162 2103
2 t63
1014 -
8-10 -
Nil
0.01 0.16
250 6.25
10000 250
- 9750
- 97.4

of seedling frame in which mats are adjlsted were 48 x 20
cm. The cost 6f the transplanter was worked 60t as Rs 8450.
The planter cdiild siiccessfilly plant paddy seedlings at
20 cm réw t0 rdw spacing and 14-17 cm hill t6 hill spacing
(Table 3). The transplanting efficiency was 92 percent and
field capacity of the planter was dbserved t6 be 0.032ha/h.
The labodr reqlirement was abolt 31-33 man/hr/ha. The
cOst of Operation 6f paddy transplanter was Rs 1240/ha. A
cOmparative perférmance 6f paddy transplanter was done
with cdnventidnal hand-transplanting and brdadcasting
methdds. The valles for bréadcasting methdds inclide only
the sdwing activity. Rice is sdwn either by direct seeding,
kndwn as bréadcasting or by transplanting. 10 t6 12 per cent
higher yield is Obtained from transplanted rice than direct
seeded rice (Mohanty et al 2012). Age and anthropdmetric
assessment of female agricdltiral workers selected
randomly for ergdndmical evallation of six— row paddy
transplanter was wdorked &t (Table 4). There was not miich
difference in the anthrépdmetric measlirements of the
slibjects. Heart rate 6f the siibjects at rest was 75 beats/min
which increased t6 vallie 6f 131 beats/min Gsing six-+ow
paddy transplanter. Sibjects Gsing traditional methdd of
hand transplanting recérded 78 beats/min which soared t6
114 beats/min diring Gprddting and transplanting 6f paddy
seedlings. Physidldgical response parameters changes die
td work and represents the level 6f fatiglie 6r comfortnessin a
cOmparative way and according t0 these how mdich the
workers can work efficiently. The sibjects in the stlidy were
Operating the transplanter for the first time. Apprehension
and adaptability in its dperation and pill férce reqiired for
dragging transplanter Over plddled fields resilted in
increase in heart rate dver conventidnal methdd. The female
slibjects were mdre habitlated t6 transplanting by hand
therefore the increase in heart rate was at I6wer level

Table 4. Physidlogical parameters (mean valiie) &f selected

stibjects
Particilars Six-réw paddy Hand
transplanter tranplanting
Age (yrs) 48 44
Weight (kg) 64 62
Height (cm) 155 147
Elbow height (cm) 99 97
Metacarpaldll height (cm) 69 64
HRrest (beats/min) 75 78
HR max (beats/min) 131 114

compared t0 former. However, after a peridd of time, they
colld easily carry 60t the mechanized paddy transplanting
activity, smoothly and efficiently. The transplanter enabled
woOmen t6 avoid addpting the bending pdstiire in repetitive
motion reqdired in the traditional method. All the respondents
complained pain diring mandal transplanting and Gprodting
activities. Majority o6f the respdndents complained of
wrist/hand pain and of back pain as well as stretching and
tenderness in hips and thighs.

CONCLUSION

The silibjects were satisfied with the techndldgy as it
avoids bending postlires which is reqired in traditional
methdd and also line sdwing helps in prométing the Gse of
mechanical weeders thereby redicing drlidgery and cost
ddring farther weeding dperations. The techndldgy was new
to the farmers. They were qite receptive in adoption 6f paddy
transplanter for cdltivation as 6ne person coild cover a large
area witholt bending. There is a dire need t0 create
awareness aboit the Gse 6f mechanized methdd 6f paddy
transplantation, amdng the hill farmers, whd are Gsually
involved in cdnventidonal and mandal method 6f transplanting.
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Abstract: The growth 6f an 6bnoxidls weed, Parthenium hysterophorous was Observed in competition with a large herbacedis leglime
Crotalaria striata Gnder tw0 light intensity regimes in drder t0 test the effect 6f a leglime 6f grassland dver a problematic weed 6f the region. The
assOciation 6f each 6f the cdommodn leglimes with leglimindlis and ndn-leglimindis neighbdr was evallated. HOowever, inhibition of this
noxiols weed by C. striata in laboratory as well as field condition was a manifestation 6f natiral ecological contrdl 6f this species by a ndn—
harmfil nitrdgen—fixer. There is nd mdde &f asexdal reprodiiction in this species except for dccasidonal sproiting from stimps. Introdiction of
stitable indigendis species like C. straitamay contrdl the dvergrowth of P. hysterophorous.

Keywords: Invasive weeds, Parthenium, Crotalaria, Light, Bidmass

Invasion 6f native ecosystems by exdtic species is a
well- kndwn phendmendn. Of these invader species,
Parthenium hysterophorous a native t6 sibtropics 6f North—
and Solth America is the most 6bndxidls weed of natdral
vegetation of ndrth—eastern Uttar Pradesh. Drastic changes
in micré-envirdbnment apparently prevent the establishment
of native species and aggressive invaders monopdlize the
envirdnment Gnder slch sitGations (Bdhler 2002). The
invasive species Often pdssess speci” ¢ spreading dynamics
slich as a tendency t6 escape from natiral predatdrs and the
ability t6 dcclipy vacant niches (Keane and Crawley 2002)
and are invading rapidly in the new habitats ardlind the gldbe
in the present centlry and as a resilt hdmodgenization of the
native plant species (Strayer et al 2006). The invasion by
noxiols plants distlrb the strictlre and compdsition of the
plant commdnity on a large scale and a as res(lt pdse
pressire on the entire ecdsystem The threat t6 biddiversity
dle t0 invasive alien species is considered second only to
that 6f habitat destrliction (Raghlbanshi et al 2005). The
ability of Parthenium t6 grow in a wide range Of habitats,
strdng reprodictive and regenerative capacity, persistent
seed bank, and its allelopathic potential make its
management diffictilt (Dhileepan and Strathie 2009). The
invasive have the pdtential t6 spread t66 many more regions,
and it calises immeasirable ecdldogical and agriciltdral
I0sses each year (Adkins and Shabbir 2014). In a given
cOmmdnity, prébably the assoOciation and cOmpetition oOf
commonly Occlirring species may effects its diversity
attriblites. TwO species are said t0 be cOmpeting, if

popilation 6f each adversely affect the growth 6f the 6ther in
striggle for common resolrces. Plant competition has
Gsdally been stldied by fitness related traits of different
anntals of grasslands and meaddws that are grown in
experimentally manipdlated mixtires (Gidria and Osborne
2014). Parthenium cdmpetes directly with pastlre species,
redlcing pastire vigolr and seed set leading t6 habitat and
ecosystem change (O'Ddnnell and Adkins 2005). A large
herbacediis species 6f Crotalaria which characterise the
compdsition of grassland and 06ld field commdinities was
Observed t6 have very few 6r nd individals 6f Parthenium in
its cldse neighbdlrhddd zone. Replacement by 6ther species
may Offer a potential solGtion, bit stldies are scarce.
Competitive displacement 6f Parthenium weed aimed at
assessing the valle 6f cOmpetitive plants Gsed t0 displace
the weed in coOre infestations. Therefore, the present
experimental stldy attempts t6 Observe the oltcome of
competition 6f Parthenium hysterophorous and Crotalaria
striata grown in pot ciltlre in a replacement series at twd
differentlightintensity regimes.

MATERIAL AND METHODS

Pdds of C. striata and capitlila 6f P. hysterophorous
were cOllected from ndrmally gréwing plants 6f the two
species after matdration diiring the siirvey and analysis of
grassland cOmminities. Water sdaked seeds were sdwn
within nlrsery beds at 0.5 cm depth in experimental garden
diring 1% week of jiine. After ne month seedling &f 2-3 leaf
stage were transplanted from seed bed t0 pots filled with
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garden soil. Folr seedling per pot were grown intermixed at
almost similar interplant distances in varying cémbinations
from 0—4 individGals of C. striata (C) and 4 t6 0 individGals of
P. hysterophorous (P) in replacement series as C,P,, C,P,,
C,P,, C,P,and C,P,. The first set 6f 30 pdts having five abdve
mentidned density cdmbinations, each replicated 3-times
were keptin 6pen (> 25,000 IGx) and 6ther set was kept by the
side 6f a wall which received dnly 2 hddirs and remain shaded
(~ 2,500 Itx) for rest of the day. This a total 60 pdts were
Observed for the competitive growth performance of twd
species. The light intensity was measired by an
illimindmeter (Kydrtisti 5200) 6n a sinny day when the sln
was Overhead. Each pot was properly watered diring whole
of the experimental peridd. The total leaf area per plant and
their distribGtion at different branch drder was derived with
the help of correction factor developed between acttal leaf
area and the prodict 6f maximim length and breadth of
leaves of different shape and sizes. The first harvesting was
déne 6n 30" Aligiist after 3-mdnths 6f seed sdwing. Atdtal 30
pot clltires, 3 from each 6f the twd light regimes were picked
Gp randdmly. The harvested individGals were segregated intd
different cOmpartments t6 estimate the 6ven—dried bidmass
of rdot, shodt and leaves. After 6— month of growth when
plants reached fldwering stage, the secdnd harvesting was
done for the remaining 30 pot ciltlires. The bidmass was
estimated after drying the plant parts at 80+ 2° C t6 constant
weight.

For the analysis Of spatial 6r neighbdlrhood
relations, the plant's eye view approach 6f was adopted.
Hardwire circle o6f 10 and 20 cm radils was Gsed for
delimiting twd different neighbdlrhodd zones. A target
legime in the centre of circle was cdnsidered as reference
point and individGals of other species within the circle as
neighbdlrs. For target leglime, three growth stages were
considered. The distance 6f nearest neighbdr and density 6f
different neighbdr species within the twd neighbolrh6od
zOnes were recorded.

RESULTS AND DISCUSSION
Competition of alegume with weed: The inhibitory effect 6f
C. striata &ver the height growth 6f P. hysterophorous was
explicit in Open as compared t6 that Gnder partially-shaded
condition. Thodigh the height growth was better in 6pen for
both the species, the inhibitdry effect of the leglime Sver P.
hysterophorous was mdre clear and significantin pots having
C,P, combination folldowed by C,P, one bt only in dpen
condition. Under partial shade, the inhibition of C. striata dver
P. hysterophorous was evident dnly in C,P, cdmbination. In
open condition, the presence 6f even a single individaal 6f C.
striata proved inhibitdry on the height growth 6f the weed bt

it was not so lnder partial shade. This, light regime played
significant rdle in determining the extent 6f siippression of the
weed by C. striata in mixed ciiltlire. The competitive ability 6f
these two species sliggests that C. striata may be siperior
inhibitor in light condition as height 6f P. hysterophorous
decreased with increase in density 6f C. striata in Open
condition bat slch effect was nét significant in shaded
condition. The leaf area per plant 6f P. hysterophorous
increased diring growth phase bt latter decrease rapidly.
Tilman (2004) concliided that an individGal tradeoff for
captlring resoirces is dictated by niimber and proximity of
neighbdirs already captiring resdirces. In fill light 6r dpen
condition, a decrease in leaf area of P. hysterophorous was
acrdss different density combinations. In C,P, and C,P,
combinations, P. hysterophorous showed increase in its leaf-
area diring earlier dbservations Gptd 135 days beydnd which
no flrther increase was Observed. In abdve combinations,
the increase in leaf-area 6f C. striata was more rapid after 90
days of growth and was almdst complete within a month.
Farther, the increase was very sldéw. In C,P, cdmbination,
hdwever, the individlals of C. striata showed steady increase
in leaf-area (ptd 150 days. P. hysterophorous shéwed nd
slich increase diring the last phase 6f growth. Under partial
shade, the inhibitdry effect 6f leglime on P. hysterophorous
was clear in C,P, and C,P, cdmbinations. It was ndt as
significant as in 6pen cdndition. In C,P, cdmbination, the
individGals of C. striata showed leaf area increase (iptd 135
days biit the leaf area 6f P. hysterophorous was greater than
that 6fleglime.

In 6pen, the bidmass 6f P. hysterophorous decreased in
all the three density combinations. This inhibition was
hdwever, mdre in C,P, and C,P, cdmbination. Under partial
shade, the bidmass o6f C. striata was althdlgh greater in
C,P.and C,P, combination bt it gradially decrease with
increasing density of P. hysterophorous. It was clearly
evidentin C,P, combination (Table 1). The per plant bidmass
of C. striata increased gradtally with increase in its density
per pot in dpen condition bit slch trend was not noticed in
C,P, combination (Table 2). The latter was triie also partial
shade cdnditidn in all the cdmbinatidons. After 1% harvest,
allocation towards rodt bidmass was greater in both the
competing species in 6pen condition. Under partial shade,
héwever, P. hysterophorous alldcated mich more bidmass
tdwards leaf. The bidmass at second harvest, C. striata also
allécated greater bidmass tdwards inflorescence. The paired
t—test between dry weight (g/plant) after 90 days and after
150 days of growth o&f twd cOmpeting species showed
significant different at any density cdmbinatidons (nder dpen
lightregimes (Table 3).
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Table 1. Dry weight (g/plant) after 90 days 6f growth 6f leglimes (Crotalaria striata) and the weed (Parthenium hysterophorous)
in different density combinatidons tinder two different light regimes (Average + SD).

Weed species Density (Plants per pot)
C,P, C,P, C,P, C,P, C,P,

Open

Crotalaria striata Roo6t 23+0.35 3.20+0.28 3.3+0.14 29+ 1.56 —
Stem 1.5+0.71 1.6+0.85 1.5+0.71 1.1+042 -
Leaf 1.6+0.57 22+1.40 1.3+0.14 1.0+0.42 -
Total 58+13 7116 6.1+0.9 48+1.1

Parthenium hysterophorous Root -- 25+0.85 1.5+0.57 20+1.27 3.1+0.14
Stem - 1.1+0.28 0.9+0.42 0.8 £0.38 2.5+0.71
Leaf - 2.1+0.14 1.1+0.28 1.0 £0.57 2.0+0.57
Total 6.1+0.7 3.1+0.6 27+05 70+04

Partial shade

Crotalaria striata Root 2113 20+£0.8 2.1+0.9 1.2+0.6 —
Stem 1.1+0.1 2.1+0.40 1.3+0.9 1.0+0.6 -
Leaf 0.9+0.45 19+04 0.8+04 0.7+0.1 -
Total 43+0.6 57+0.5 41+0.7 28+04

Parthenium hysterophorous Ro6t - 05+0.14 1.0+0.6 22+14 2.5+1.30
Stem - 0.7+0.14 0.8+0.6 2115 2.6+1.30
Leaf - 1.3+0.6 0.9+0.1 25+0.42 21+0.14
Total 22+03 27+04 6.7+1.1 7.3+0.8

Nimerical strength between Crotalaria striata (C): Parthenium hysterophorous (P) plants were 4:0, 3:1, 2:2, 1:3 and 0:4

Table 2. Dry weight (g/plant) after 150 days of growth of legiimes (Crotalaria striata) and the weed (Parthenium
hysterophorous) growing in different density combinations tinder twd different light regimes (Average + SD)

Weed species Density (Plants per pot)
C4P0 C3P1 CZPZ CWPS COP4

Open

Crotalaria striata Roo6t 45+0.71 3.5+0.70 6.5+0.70 7.0+£1.40 —
Stem 49+2.10 55+0.72 8.0+2.80 8.1+2.90 —
Leaf 4.7 £0.71 5.3+0.42 5.2+0.28 6.0 £1.40 —
Inflérescence 1.1+£0.30 09+0.14 2.5+0.63 21+13 —
Total 145+1.3 14.2+0.8 20.5+1.2 242 +1.7

Parthenium Ro6t — 1.1+0.14 2.0+0.71 2.2+1.50 6.0+1.4
Stem — 3.9+1.30 2.0+£0.71 29+1.50 5.0 £1.40
Leaf — 1.9+0.37 2.2+1.20 1.3+1.10 3.1+0.14
Inflorescence — 0.3 £0.15 0.4+0.12 0.5+0.06 0.4+0.17
Total 78+13 6.6+0.8 6.4+0.7 13.8+0.5

Partial shade

Crotalaria striata Ro6t 3.5+2.10 3.0 £0.42 40+1.4 3.9+1.30 —
Stem 3.2+1.10 4.9+0.56 5.1+1.60 42+1.70 —
Leaf 2.9+1.30 3.2+1.40 2.7 +1.80 3.1+0.14 —
Infldrescence 0.9+045 0.7+0.11 0.6 £0.21 0.5+0.06 —
Total 9.7+1.2 11.8+0.5 125+1.1 11.8+0.6

Parthenium Root — 1.2+0.28 1.1+£0.14 3.2+0.21 2.7+0.86
Stem — 2.7+0.40 1.9+0.32 4.0+1.40 41+0.14
Leaf — 2.1+1.30 2.01+1.14 3214 3.7+0.71
Inflérescence — 0.3+0.13 0.2+0.11 0.3+0.12 0.3+0.05
Total 6.1+0.6 57+04 10.6 +0.8 10.3+0.1

Nidmerical strength between Crotalaria striata (C): Parthenium hysterophorous (P) plants were 4:0, 3:1, 2:2, 1:3 and 0:4
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Table 3. Paired t-test between dry weight (g/plant) after 90 days

and a 150 days 6f growth &f leglimes (Crotalaria striata) and

the weed (Parthenium hysterophorous) growing in different density combinations (inder two different light regimes

Compartments Density (Plants per p6t) after indicated days
C,P, C,P, C,P,

90 days 150 days 90 days 150 days 90 days 150 days
Open
Ro6t 1.94 7.73* 7.35* 74.26* 11.69* 13.11*
Stem 1.34 6.78* 1.5 7.33* 2.91 5.93*
Leaf 0.93 116.1* 6.53* 4.02 0.001 11.33*
Infldrescence 591 — 5.93* — 3.98
Total -1.6 5.9* -7.3* 11.72* 1.64 6.85*
Partial shade
R&6t 3.94 18.04* 4.02¢ 6.16* 4.72¢ 1.19
Stem 7.60* 25.18* 2.30 7.99* 1.99 0.83
Leaf 2.40 19.01* 0.25 1.88 6.19* -1.36
Inflérescence 31.91* — 6.16* — 4.77*
Total -39.31* 10.34* 2.1 4.73* -33.01* 1.69

*Valles are significant at < 0.01P level)

Interference in old-fields: C. striata showed a inhibitory
effect 6n P. hysterophorous in its close neighbolrhodd. This
effect became mdre conspiclidls with the matdration of
target legiime. The neighbdr relation of C. striata with
reference t6 niimber 6f individGals 6f P. hysterophorous in
five neighbdlrhddd zones at three different growth stages. C.
striata in its cldse neighbdlrhddd zdne (circle 6f 50 cm
radilis) showed few individlals o6f P. hysterophorous diiring
its seedling stage bt the nimber increased significantly
beydnd this zdne. The total bidmass increment 6f C. striata
was more than that 6f P. hysterophorous for pots keptin dpen
as well as Gnder partial shade. Wdrking 6n a cldsely similar
genera Of Crotalaria Mahadevappa et al (2001) reported that
P. hysterophorous growing amidst Crotalaria sericea
weighted as 16w as half as compared t0 thdse growing in
places where there was né infllience of this species. The
reprodictive alldcation of both the species was greater in
Open as compared t0 shaded condition. Xie et al (2014)
doclimented that the reprddiictive efforts shodlld decrease
Gnder shaded condition as more emphasis is given for
s(rvival of plants. The nlimber 6f capitlila was lesser for P.
hysterophorousin mixed ciltire. The competitidn is alsd
kndwn t6 rediice fldwering in plants (Vila® and Weiner 2004).
At flll vegetative stage, nd individGals of P. hysterophorous
Occlrred within the cldsest neighbdlirhdod zdne. It dcclirred
only beydnd the first closest zone. At fill growth (fldwering
and frditing) stage the individGals 6f P. hysterophorous were
absent within circlilar neighbdlrhddd zéne 6f 1mradids. In all
the abodve neighbdlrhddd analysis, the nimber of P.
hysterophorous cdiild increase bt 6nly beydnd certain zone
encircling the target individials 6f C. striata.

CONCLUSION

For the I6ng-term siccessfiil weed management it is
necessary t0 change 6r traditional appréach. Rapid growth
and midltiplication throlgh an effective (tilization of
envirdbnmental resolirces in Open habitats are the key
strategy attribiites contribiting t6 the sliccess 6f Parthenium.
Itis a weak cOmpetitor as evidenced by the simple fact that it
failed t6 establish in any area where there was a plant having
clése and dense candpy. The C. straita was highly effective in
the management Of P. hysterophorus. Total bidmass
increment of C. straita was more than that of P
hysterophorus for pots kept in dpen as well as Gnder partial
shade and the rediction in dry weight/ plant &f P
hysterophorus was néticed in mixed clltlre as compared to
that in plre ciltire. Therefére Gnderstanding weed-crop
ecology will lead t6 more effective weed prevention,
management, and cdntrdl throlgh a fill range of factors
regllating weed density, grdwth and competitive ability.
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Abstract: Land se change are considerably affecting drganic carbon and bidchemical properties 6f soil, hdwever, information 6n how siich
conversions affect s6il carbon and micrdbial properties in Nagaland University CampUs 6f Zlinhebdto District is scanty. Sdil carbon, microbial
bidmass carbon (MBC) and niitrients were stlidied in folr selected types 6f land Gses: regenerating forest (RF); hdme garden (HG); shifting
cltivation (SC); Pinus khasiana plantation (PKP) 6f Nagaland. Resilts showed maximim BD in PKP félldwed by SC, HG and RF. The &ther
s0il parameters like soil moistiire (SM), OC, TN, avail N, avail P, avail Kand micrébial C were in 6rder: RF>HG>SC>PKP. Significantly (p<0.05)
positive correlation was recorded amdng sdil factors in these sites. Microbial C showed a pdsitively significant (p<0.05) correlation with TN, OC
and avail K in all the sites. In concliision, 6dr resilts indicate that land Gses like PKP and SC may lead t6 a redction in SOC and MBC aldng
with a decline in the sibstrate Gtilization efficiency 6f the microbial commiinity in the sdil compared from RF and HG. Enhance trees aldng with
grass, intercrépping, hedgerdws are recommended t6 maintain sail fertility statls and mitigating negative impacts 6f land cdnversions die to
increased soil erésion.

Keywords: Land Use systems, Soil carbon and nitrdgen, Northeast India

Soil proddctivity and slstainability depends on its
physical, chemicals and bidldgical properties
(Somasiindarim et al 2013) and these prOperties are
inflienced by land (ises which help in restdring soil qlality
(Deekor 2012). Researchers acrdss the wdrld have
doclimented the effect of different land Gses 0On sail
properties and evalliated the slstainability o6f land Gse
systems. Conversion of natdral forest intd varidds land Gses
like cdltivation, plantation, hdme gardens etc are Gslally
accompanied by declining sdil drganic carbdn (SOC) and
deteridration of sail striictire. The level 6f SOC and nitrients
are higher in Ondistlirbed secdndary férest compared to
adjoining road side plantations (Offiong et al 2009).
Therefdre, proper kndwledge on the effect of different land
Gse On sail properties are necessary t0 sistains varidis
agricdltdral proddctions.

Generally, the soils 6f ndrtheastern India are acidic in
natlre and less fertile mainly becatise 6f s6il erdsion thrétigh
rinoff I6sses. Land Gse indiiced erdsion affects sdil physical
and chemical properties especially sdil aggregates, SOC and
ndtrient availability (Tripathi et al 2008, Han et al 2010).
Proper land Gse management and water cdnservation
strategies are reqire td minimize the effect 6f land Gse and
land cover changes 0n soil properties and to rediice the soil
erdsion problems at different scales (Kimar et al 2013).
However, infdrmation on the effect 6f land Gse systems on

soil properties in the stldy site is highly limited. With this
abdve backgrolind, the present stlidy was carried &t t0
evallate the impact 6f land Gises 6n sail physical, chemical
and bidldgical properties in different land Gse systems in
Nagaland University, Lmami village, Nagaland.

MATERIAL AND METHODS

Site description: Nagaland University (94°09'E, 25° 72'N) is
I6cated at Ldmami village , Nagaland State, India. The
climate is mild and generally warm and temperate. The
siimmers have mich modre rainfall cOmpared td winter
season. The mean annlal temperatiire acrdss the year is
18.6 °C and the total anndal rainfall is 2039 mm. The Jaly and
Jan(ary are the hottest and the coldest months 6f the year,
respectively. Séil formation depends Gpdn parent materials,
climate and vegetations. Soils are generally acidic, rich in
organic carbdn bt poor in available phdsphdris and potash
content. The forest 6f the stlidy site is characterized by mixed
decidlols and evergreen types.

The stlidy was condicted with fodr different land-tise
systems which were selected after slrveying the area with
the villagers. The selected sites were: regeneration forest
(RF), hdme garden (HG), shifting ciltivation (SC) and Pinus
khasiana plantation (PKP). The abodve sites were selected to
check the physicé-chemical and bidldgical properties 6f soil
and td kndw fertility rate and proddctivity in different land-fise
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system. The sdil textlres are |Idamy td sandy |dam in natdre.
The s6il maistlre (SM) varied from 24-46% in different land
Use systems with maximim in RF and minimdm in PKP. The
dominant tree are Schimi wallichi, Artocarpus lakoocha,
Pinus khasiana, Ficus oligodon, Bambusa species .

Soil sampling and analysis: The so6il sampling was carried
oat in JGne 2018 and soil samples 6f abdiit 100150 g were
cOllected from the Gpper s6il (010 cm) layer from five randdom
I6cations and compdosited t0 dne. Compdsited soil sample
were encldsed in polyethylene bags and were divided intd
two parts, One part was Gsed a fresh t0 determine sdil
moistlire, available nitrogen (NO,N and NH,N) and
microbial carbon (MBC) and &ther part was air-dried and
Gsed for the analysis 6f drganic carbon (OC), tétal nitrdgen
(TN), available phosphoriis (P), available potasssiim (K) and
pH. Sail bilk density (BD, g cm®) was measiired sing a
metallic tiibe 6f kndwn inner volime t0 determine the dry
weight 6f a (nit voliime 6f soil. S6il pH was measiired in a sdil-
water slispension (1:2.5 w/v H,0) Gsing a digital pH meter.
Gravimetric s0il mdistlire was estimated as described by
Anderson and Ingram (1993). OC and N were determined by
Heraelis CHN-O-S Rapid Adté-analyzer empldying
Silphanilamide (C,H,N,O,S) standard. Bicarbdnate avail P
was estimated Gsing ammoniiim molybdd-blle colér method
(Allen et al 1974). Avail K was determined Gsing flame
photdmeter. MBC content of the sdil was determined by
chloroform  fimigation methdd (Vance et al 1987). All
statistical analysis wascarried oit by SPSS version 16.00
(USA).

RESULTS AND DISCUSSION
Soil physico-chemical and biological properties in
different land-use systems: Marked variations were
Observed in the amolnt of s6il carbon and nitrients in
different land Gses in the present stldy (Table 1). The
maximim amaoiint 6f sdil carbdon and available niitrients were
Observed in RF folldwed by HG, SC and PKP. Previdis
stldies reported that sdil carbdn rapidly decreases when
natdiral forest was converted t6 plantation and agriciltiire

Wapongnungsang, Adangnaro and S.K. Tripathi

land Gse (Saggar et al 2001, Xiangmin et al 2014). Diiring the
colrse of ecosystem develdpment, changing pattern of plant
and sdil microbes play an impdrtant rdle in increasing the
amdiint 6f stéred sdil drganic carbon and nitrients (Singh et
al 2015). Diiring this prdcess, enhanced addition 6f ro6t and
leaf litter inpdt play a vital réle in maintaining soil carbén on
forest floor (Wapdngniingsang et al 2017, Lalniinzira and
Tripathi 2018). The amdiint sdil carbdon depends on the
balance between carbdn inplit and release die t0
decdmpdsition. Diring the colrse 6f decdmpdsition, dissdlve
carbon and available nitrients fliel s6il microbes and
slipports plant growth diring sliccession (Sarkar et al 2015).
Since anndal inpGt of carbon t6 agriciltiral soil is
considerably Idwer than that of forest sdil, and, the total
carbon is rapidly I8st frdom the agriciltiire so6il. Red(ced
amaint 6f sdil nditrients in PKP cdmpared t6 RF and HG in the
present stldy reflect slow decdmpdsition of 16w qlality
conifer litter and redliced release 0f érganic matter inpdt in
PKP.

The s0il textlre was Idamy-sandy I6am from PKP t6 RF.
This might be die t6 the inflience 6f the sd&il nitrients
particiilarly bio-gedchemical cycles 6f sdil C which leads to
major soil drganic acctimdlation (Lal 2005). Sail pH (3.54.6)
was acidic in natlre that reflect the characteristics of
ndrtheastern hilly region which cddld be die t6 the additidons
of more alkaline cations dlring the colrse of 6rganic matter
decdmpdsition (Granged et al 2011, Wapdngniingsang et al
2017). The sdil BD (1.2=67 g cm®) significantly decreased
from RF t6 PKP that c6ild be die t6 the higher buildip of
drganic matter content in the forest floor (Biswas et al 2012,
Lalnlinzira and Tripathi 2018). The wide gap in carbon
storage increased from PKP t6 RF falldw stands cddild be
regarded as rapid carbon bdildlp as a resdlt 6f vegetation
growth and develdpment (Chaplot et al 2010). The sail
ndtrients OC (0.9-2.3%), TN (0.06=11%) avail P (4.4-14.3mg
kg™), avail K (245-301 kg ha™), NH,N (36-54%), NO,N (29-
46%) content enhanced soil availability from PKP t6 RF.
Weakening of sdil ndtrients from the topsoil can alsd be
attriblted t6 leaching 10ss calised by heavy rainfall which

Table 1. Changes in sdil physico-chemical and bidldgical properties in different land lse system, Nagaland University,

Ldmami, Nagaland

Sites SM pH TOC N Avail P AvailK ~ NHN(mg NO,N (mg MBC
(%) (%) (%) (mgkg™ (kgha™) kg") kg") (Gg” g
RF 46° 4.6° 2.3° 0.11° 14.3° 301° 54.4° 46.3° 576.0°
HG 35" 4.3 2.0° 0.09° 8.9° 285° 51.0° 38.7° 487.0°
sC 28° 3.9° 1.7° 0.08° 6.3° 268° 47.5° 32.4° 431.0°
PKP 24° 3.5° 0.9° 0.06° 4.4° 245° 36.4° 29.4° 408.3°

Note: - RF- Regeneration forest; HG- Home garden; SC-Shifting ciltivation; PKP- Pinus khasiana plantation. Different small letters indicates significant

differences among sites
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Fig. 1. Climate data 6f the stlidy site shdwing total monthly rainfall (mm), mean monthly temperattre
(°C)and mean mdnthly relative hiimidity (2017-2018)

Table 2. Correlation cdefficients (r) amdng different sdil parameters in different land-tise system

SM pH ocC TN Avail P Avail K NH,N NO,N
pH 0.74*
oC 0.78** 0.87**
TN 0.73* 0.92** 0.93**
Avail P 0.85** 0.91** 0.91** 0.93**
Avail K 0.78** 0.97** 0.95** 0.93** 0.94**
NH,N 0.74* 0.92** 0.91** 0.86** 0.82** 0.93**
NO,N 0.79** 0.79** 0.79** 0.84** 0.82** 0.78** 0.78**
MBC 0.80** 0.84** 0.83** 0.82** 0.93** 0.84** 0.80** 0.87**

Valles in asterisk (**) signifies P<0.01; (*) P<0.05.

leads t6 rapid weed growth (Wallbrink et al 2005) as a
common phendmendn in bare land, jhum fields acrdss
Northeast India. Micrdbial C was highest in RF (576 pg™ g”)
and Idwest was recorded in PKP (408 pg™ g') may be diie t6
the greater acclimdilation 6f sdil carbdn as resdilt 6f addition 6f
root and leaf litter in the stldy site .

Correlations among different soil parameters in different
study sites: Strong correlation in different sdil parameters
was observed in RF than SC, HG and PKP sites. In RF, most
of the sail nitrients were positive significantly correlated with
each oOther. The degree 6f correlatidons and the nimber of
ndtrients showing correlations decreased in SC, HG and
PKP site. NGmber 6f factor have been siiggested t6 explain
the land Gse effects dn sGil micrdbial bidmass, stldied
showed a cldse correlation between MBC and SOC 6r TN as
most 6f the micrdédrganisms are heterdtrophic and this, their
distribGtion and bidldgical activity depends dn drganic matter
(Yang et al 2010, Xiangmin et al 2014). MBC was f&iind

positive significantly correlated with 6ther sdil nitrients in
different sites. This reflected that microbial popdlation
develdps immediately after the extreme micro—climatic
conditions calised by the remdval 6f vegetation at the site t0
speed (ip the process 6f recovery which later declined when
the other factors like N became more important at later stage
of develdopment (Lalntinzira 2017) (Table 2).

CONCLUSION

The different land lse systems have significantly
affected soil physical envirbnment and availability o©f
ndtrients in the so6il. Sodils Gnder I6ng peridds of natdral
vegetation led t0 pdsitive changes in sdil physical and
chemical properties. The regeneration forest maintains bilk
ndtrient capital in the sdil that was adeqUately balanced by
the pililse release of nitrients throlgh decdmpdsition
processes to slippdrt high prodction. The process of forest
destriiction die t6 himan distlrbances exerts negative
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impacts on the acclmdlation of forest litters and their
inherent qlality t6 cycle C and ndtrient in soils dle to 10ss of
plant bidmass. Regenerating forests prodiices greater
ndtrients compared t0 plantation site which expldit limited
ndtrients from greater soil volime and add sibstantial
amdiint of drganic matter and niitrients t6 the sail throlgh
their rapid tlrndver rates (<1 year) that leads t6 accelerate
the précess 0f recdvery at these sites.Sdil moistiire and MBC
appear t6 be the major determinant 6f forest growth. The
qlantity and quality of litter types play a significant role in

secondary siiccession in Mixed Decid{i6is Forest 6f Limami
village, Nagaland, northeaster India.
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Abstract: Sirface (0-15 cm) and siib-sirface (15-30 cm) s6il samples from sewage water irrigated and tibewell water irrigated sites were
collected from ten sites each in Lidhiana and Jalandhar districts 6f Plinjab. The samples were analyzed for their physico-chemical properties,
DTPA-Cr and total Cr. The pH 6f sewage water irrigated soil was lesser as compared to tibewell water irrigated sdils in bdth the tdwns and it
decreased with depth. The electrical conddctivity and drganic carbdn 6f sewage water irrigated soils was Observed to be higher in Lidhiana as
cOmpared t6 Jalandhar district. Calcitim carbdnate content was ndted to be higher in tibewell irrigated s6il 6f Lidhiana only and foiind absent
in Jalandhar. The catidon exchange capacity 6f Lidhiana was 6bserved t6 be higher than Jalandhar. The mean DTPA-Cr and tétal Crin both the
sOils were foiind to be higher in Jalandhar as compared t6 Lidhiana. Cdrrelation coefficients 6f DTPA-Cr and tétal Cr with séil properties
showed that 6rganic carbon, pH, calcilim carbonate content and clay were significantly correlated with DTPA-Cr. Partial regression analysis
showed that pH, OC and calcilim carbdnate content significantly explains the variability tdwards DTPA-Cr and total Cr.

Keywords: Organic carbon, pH, CEC, DTPA-Cr, Total Cr, Correlation coefficients, Partial regression coefficients

Heavy metal acciimilation in sdils is 6f great concern in
agriciltiral proddction die to their adverse effects 6n f6od
quaality, crdp growth and envirdnmental health. These metals
may accimilate to a tdxic concentration level which can lead
td impairment in the qdality 6f himan life. Waste waters of
ddmestic, commercial and inddstrial origin find their way intd
sewers which either directly dr throlgh water bodies are Gised
forirrigation. Farmers get alllired t0 Gse this water as they are
a solrce Of essential plant nltrient. In case, sewage water is
not treated and incliides inddstrial effllients, farmers are
Gnknowingly enriching their sdil with heavy meals 0Or toxic
elements by the contintidis Use 6f sewage water for irrigation
Lidhiana, the mdst indlstrialized city 6f Plnjab has a
niimber o&f indlstries slich as electrdplating, chromate
mandifactlring, tanning and dyeing indistries. The Jalandhar
district has a leather indistry. Since Cr is lsed in these
indistries in different dperatidons, chromilim remains as a
widespread contaminants in the effllients 6f these ind(istries,
if not treated, these effllients are released int6 different water
bddies. The most stable state 6f Cr in natiiral environment is
Cr (lll)and Cr (VI). Among the twd, Cr (V) is more toxic and is
assOciated with decreased plant growth and changes in plant
morphdldgy. In cdntrast, trivalent chrémiim, Cr (lll) is
relatively less toxic and less mobile. The indiscriminate
dispdsal of indistrial and sewage effllients on agricdltdral
land for a I6ng term is becdming a major sdirce of Cr
cOntamination in sewage irrigated sdils 6f Lidhiana and

Jalandhar. Keeping this thing in mind, 6bjective was planned
to stldy the relatidonship Of varidls soil properties with
chrdmidm content in sewage water and tlbewell water
irrigated sdils 6f Lidhiana and Jalandhar.

MATERIAL AND METHODS

Siirface (015 cm) and sib-siirface (15-30 cm) sail
samples were collected from the ten villages namely Chaini
Mohalla, Salem Tabri, Vijay Nagar, Igbal Nagar, Talwara
Bridge, Mallakpr, Jamalpira and Tibba Rdad sitliated aldong
the Blddha Ndllah 6f Lidhiana. Samples from the same
depths were also cdllected from ten different sites where
tibewell water was (sed for irrigation. These sites were
Bhamian Rdad, Bhamian Kalan, Tajplir Road, Girl Nanak
Colony, Talwara, Bagga Khird, Narplr bet, Mallakpdr,
Bagga Kalan and Jainpdr. The siirface and sib-sirface soil
samples were alsd cdllected from Jalandhar district with ten
different sites namely near leather complex, Nahalan,
Chamiara, Ghazipir and Bhidi pinder sitlated aldong the
leather complex and also® collected from tlibewell water
irrigated fields. The sites were Oppdsite Bajwa and Ghiiman
dairy farm, Chamiara, Dashmesh sports cliib Ghazipir,
Athola, Séhal-Jathere, Kéhala, Gobind P66h and Jairampdir.

The so6il samples were processed and analysed for pH,
electrical cdnddctivity, drganic carbdn,, calcilm carbdnate,
cation exchange capacity were determined by standard
methdds (Page 1982). Available Cr in the samples was



836 Neeraj Rani, Dhanwinder Singh and Rajeev Sikka

determined by DTPA methdd (Lindsay and Norvell, 1978).
Soil samples were analyzed for total Cr content after
digesting them with HF and HCIO,in Teflon beakers.
Chrémilim analyses in sdil extracts were determined by
ICAP-AES. Calibration was done befdore meastirement &f
samples (ising a series 6f standard Cr sol(itions. Coefficients
of correlations between DTPA extractable Cr and tétal Cr with
the soil properties were determined from bdoth the layers 6f
soil samples, collected from sewage water and tlbewell
water irrigated soils. Regression coefficients were worked
odt Gsing SPSS 16.0 statistics software t0 describe the
individGal and combined inflience of varidls soil properties
on DTPA extractable Cr in the sewage water irrigated and
tibewell water irrigated sdils.

RESULTS AND DISCUSSION
Ludhiana (Sewage water irrigated soil): In Lidhiana
district, the mean pH of sewage water irrigated séils in
slirface layer and the siib-siirface layer was 7.93 and 7.79
(Table 1). The mean electrical conddctivity in strface layer
and the sib-sirface layer with their respective is 0.45 and
0.30 dSm™ resiilted a decrease 6f mean s6il EC in the siib-
strface layer. The mean percent drganic carbon was 0.87
and 0.62. The calciiim carbonate content ranged from 3.23 t6
4.43 percent in slirface layer and 1.88 t6 6.34 percent in the
stib-sirface layer with their respective mean valiies 6f 3.76
and 4.18 percent indicating an increase in slib-s(irface layer.
The mean catidn exchange capacity in sirface and slb-
siirface layer was 9.01 and 7.37 Cmdl kg indicated a
decrease in slb-sirface layer. The DTPA-Cr ranged from
0.0121t50.063 mg kg™ in srface layer and 0.009 t6 0.037 mg
kg™ in the slib-siirface layer with their respective mean valiie
0.03 and 0.02 mg kg™ indicating a decrease in siib-siirface

layer. Similarly the mean tétal Cr ' was 60.5 and 48.7 mg kg™
in sGrface and stib-sirface layer .

Ludhiana (Tube well water irrigated soil): The mean pH 6f
this in the siirface and silb-siirface layer was 8.05 and 7.89
(Table 1). The EC ranged from 0.16 t6 0.61 dSm™ in siirface
layer and 0.13 t6 0.46 dSm™ in the sib-stirface layer resdilting
a decrease 6f mean sdil EC in the siib-siirface layer. The
organic carbon varied from 0.34 t6 0.88 percent in sirface
and 0.17 t6 0.58 percent in sib-siirface layer which alsd
indicated a decrease 6f mean soil OC in the slb-sirface
layer. The mean calciiim carbonate content in siirface and
stib-strface layer with was 4.89 and 5.13 percent indicating
an increase in slib-slirface layer. The mean cation exchange
capacity in slrface r and slib-slrface layer was 6.45 and 5.46
Cmdl kg™ indicated a decrease in siib-stirface layer. Mdst &f
the sdils 6f Lidhiana lies in sandy I6am textiire. The DTPA-Cr
varied frdm 0.009 t6 0.023 mg kg™ in sirface layer and 0.011
6 0.018 mg kg™ in the siib-siirface layer with their respective
mean vallies 6f 0.02 and 0.01 mg kg™ indicated a decrease in
slib-siirface layer. The tdtal Cr content indicated a decrease
in stb-slrface layer. Comparison of both the soils have
shoéwn that pH 6f sewage water irrigated sdil was less as
compared t6 tibewell water irrigated sail. It was becalise the
effllients with which the sdils at sewage water irrigated sites
were irrigated are acidic in natlire. Khiirana and Allakh
(2010) als6 doécimented that irrigation with sewage water,
decreases soil pH and coild resdlt in the acclimdlation 6f
heavy metals in the pldw layer &f agriciltiral séils. The EC 6f
sewage water irrigated sdils was relatively more than that 6f
tibewell irrigated sdils. The magnitide oOf increase in
electrical condictivity was dependent dn the rate 6f addition
and chemical compdsition 6f sewage water. Rattan et al
(2005) dbserved that electrical conddctivity 6f sewage water

Table 1. Physico-chemical properties 6f Sewage water irrigated and tlibewell water irrigated siirface séil (0-15¢cm) and siib-

sirface soil 6f Lidhiana district

Tabewell water irrigated (TWI)

0-15 cm

15-30 cm

7.58 — 8.16 (7.79)

Sail property Sewage water irrigated (SWI)
0-15cm 1530 cm

pH 7.81-8.20 (7.93)

EC (dSm™) 0.21-0.82 (0.45) 0.17-0.49 (0.30)

OC (%) 0.71-1.16 (0.87)

CaCo3 (%)

CEC (Cmol kg™)

3.23 — 4.43 (3.76)
6.65 — 10.60 (9.01)

Sand (%) 72.7-87.2 (77.2)
Silt (%) 3.1-18.1 (12.8)
Clay (%) 9.13-12.10 (10.0)

DTPA-Cr (mgkg”)
Total — Cr (mg kg™)

0.012 - 0.063 (0.03)
36.4 — 100.5 (60.5)

0.28 — 0.82 (0.62)
1.88-6.38 (4.18)
4.52 - 9.69 (7.37)
60.7 — 83.9 (73.6)
6.8 —32.2 (17.1)
7.1-10.1(9.3)
0.009-0.037 (0.02)
35.3-72.4 (48.7)

7.50 -8.30 (7.89)
0.13 — 0.46 (0.25)
0.17 — 0.58 (0.36)
Nil - 9.68 (5.13)
4.41-7.08 (5.46)
68.6-79.2 (75.3)
11.6 - 22.1 (15.2)
9.0 -12.2 (9.5)
0.011 - 0.018 (0.01)
26.6-44.6 (32.7)

7.89 — 8.36 (8.05)
0.16-0.61 (0.33)
0.34 — 0.88 (0.59)
Nil - 8.05 (4.89)
5.17 — 8.56 (6.45)
60.6 — 85.6 (75.6)
3.9-28.6 (14.5)
9.3-10.8 (9.9)
0.009 — 0.023 (0.02)
26.3 — 47.1 (36.0)

Valles in brackets indicate mean valie
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exceed 1 dS m” indicating these effllients were saline in
natlire. The OC content 6f sewage water irrigated sdils was
relatively more than that of tGbewell irrigated soils. This
clearly indicated that the OC content 6f sewage water with
which the sdéils are irrigated contains higher drganic matter.
Bhatti et al (2016) reported that s6il 6rganic matter (SOM)
which is the storehdlse of plant ndtrients and mineral
recycling was I6w which can be attriblted t6 sandy textire 6f
s0il. The calciim carbdnate content was more in tibewell
water irrigated soil. It might be diie t6 high pH valiies 6f these
soils. Ariffkhan and kamalakar (2012) cdnclided that
increase in calciim carbonate with depth might be die to
calcification and inheritance from parent material. Dheri et al
(2007) revealed that content 6f calcilim carbdnate in sail
irrigated with tibewell water was 1.3 and 2.3 times higher
than its contents in sewage irrigated sdils. Higher cation
exchange capacity was in sewage water irrigated sodils as
cOmpared t0 tibewell water irrigated soil which varied amoéng
different sites and their contents at all the investigated sites.
Almost similar findings alsd reported by Rattan et al (2005)
and Akan (etal) 2010. The DTPA-Cr content 6f sewage water
irrigated soils was relatively higher than that of tlbewell
irrigated sdils. Bansal et al (2013) shdwed that cdncentration
of DTPA extractable heavy metals in partial sewage irrigated
and sewage irrigated soils remained almdst the same, which
might be die t6 depdsition 6f heavy metals in créps grown on
the sdils. The tétal Cr was folind higher in sewage water
irrigated sdils as coOmpared 0 tlbewell water irrigated sdils.
Kebir and Bodhadjera (2011) &bserved very high
concentration of Cr (6.1 — 65.05 mg Kg') in different
agriciltdral soil samples. Kodl et al (2016) alsé dbserved
statistically higher concentration 6f Cr in séils at sites near
Blddha Ndillah (sewerage contaminated) as cOmpared t9 its
cOntentin sdils at reference site PAU research farm.

Jalandhar (Sewage water irrigated soil): In Jalandhar

district, the mean pH in siirface and slib-slrface layer was
6.87 and 7.19 (Table 2). The EC ranged from 0.18 t6 0.37
dSm™ in siirface layer and 0.18 t6 0.49 dSm™ in slib-s(rface
layer resiilting nd change 6f mean sdil EC in the slib-slrface
layer. The drganic carbdn was 0.63 and 0.42 percent for
strface and stib-slrface sdil. The calciim carbdnate content
was absent in all samples collected from Jalandhar district.
The mean catidn exchange capacity in stirface and the stib-
siirface layer was 7.60 and 6.99 Cmdl kg indicated a
decrease in slib-siirface layer. The DTPA-Cr alsd indicated
the decrease in slib-sirface layer. Similarly, the mean total Cr
content in srface layer and the siib-sirface layer was 167.8
and 149.0 mg kg™ indicating a decrease in stib-siirface layer.
Jalandhar (Tubewell water irrigated soil): The pH 6f sil in
the siirface and slb-sirface layer was did nét vary being 7.05
and 7.01 (Table 2). The EC ranged from 0.11 t6 0.23 dSm™ in
siirface layer and 0.10 t6 0.34 dSm™ in siib-siirface layer .
The mean drganic carbon 6f slirface and siib-sirface layer
was 0.54 and 0.34 percent indicated a decrease 6f mean sdil
OC in the slib-siirface layer. The calcitim carbdnate was alsd
absent in tlbewell water irrigated soils. The mean catidn
exchange capacity in slrface and sib-slrface layer was
6.57 and 6.33 Cmdl kg™ indicated a decrease in siib-slrface
layer. The DTPA-Cr alsd indicated decrease in slib-siirface
layer. The mean total Cr content in siirface and in the sib-
siirface layer was 39.2 and 35.9 mg kg™ indicated a decrease
in slib-sirface layer.

The pH of sewage water irrigated soil was less as
compared to tlbewell water irrigated so6il. This indicates that
the continliols Gse of sewage contaminated water with
higher acidity dver the peridd 6f many years |dwered the pH
of the sodils. Jalandhar has leather, tanning and sport
indistries and the efflient o6f these indUstries are acidic in
natlire. Dheri et al (2007) repdrted that pH 6f sewage
irrigated soil was slightly Idwer than cdmpared t0 sdils

Table 2. Physico-chemical properties 6f Sewage water irrigated and tlibewell water irrigated siirface sdil and slib-s(irface sail

of Jalandhar district

Tabewell water irrigated (TWI)

15-30 cm

0-15cm

15-30 cm

6.64 — 7.50 (7.19)
0.18 — 0.49 (0.26)
0.22-0.68 (0.42)
6.21 — 7.65 (6.99)
68.8-79.4 (74.4)
10.6-18.6 (13.5)

Sail property Sewage water irrigated (SWI)
0-15cm
pH 6.52 — 7.40 (6.87)
EC(dS m™) 0.18 — 0.37 (0.26)
OC (%) 0.47 - 0.78 (0.63)
CEC(Cmol kg™) 6.80-8.17 (7.60)
Sand (%) 68.3 —78.9 (74.0)
Silt (%) 10.3-17.0 (12.4)
Clay (%) 10.0-16.0 (13.6)

DTPA -Cr (mg kg™)
Total — Cr (mg kg™)

0.039-0.155 (0.10)
129.6-197.6 (167.8)

10.0-19.4 (12.3)
0.022-0.104 (0.06)
124.6-177.9 (149.0)

6.41—7.94 (7.05)
0.11-0.23 (0.16)
0.38 — 0.84 (0.54)
6.10 — 7.33 (6.57)
66.3-80.3 (73.3)
10.1-19.2 (13.6)
9.5-14.8 (13.0)
0.015-0.028 (0.02)
12.3-71.0 (39.2)

6.70-7.50 (7.01)
0.10 — 0.34 (0.21)
0.16-0.47 (0.34)
5.78-6.95 (6.33)
74.8-79.6 (77.1)
10.1-13.1 (10.8)
10.0-15.0 (12.0)

0.005-0.023 (0.01)
11.5-62.9 (35.9)

Valles in brackets indicate mean valle
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irrigated with tGbewell water. The continidls Use Of waste
water resiilted in a decrease in s6il pH. The variable
decrease in pH may also be diie t6 the decomp0sition of the
high 16ad 6f 6rganic matter may be the calise 6f Idwering the
pH of the so6il. The EC 6f sewage water irrigated sdils was
relatively mére than that of tlibewell irrigated soils. The
magnitide of increase in electrical condictivity was
dependent on the rate 6f addition and chemical cOmpdsition
of sewage water. Antil (2012) also repdrted that higher EC 6f
sewage water irrigated soil as compared t6 tibewell irrigated
soil ans it may indicated that Idng term (se 6f sewage
waters may develdp the salinity problem and Gltimately will
render the sdils Gnprddictive dlie to high amdint of salt
accimilation. The OC content 6f sewage water irrigated
sOils was relatively more than that of tiibewell irrigated sdils.
This clearly indicated that the OC content 6f sewage water
with which the sdils are irrigated contains higher drganic
matter. Kadr and Najam (2016) alsd Observed that Gse of
sewage water increase the drganic carbdn cdntent of soil
resilting, increase in crop yield with an imprdved fertility
statlis of sOil. Higher catién exchange capacity was in
sewage water irrigated sdils as compared t0 tlbewell water
irrigated soil. These differences are die t6 higher
concentration of these metal idns and CEC in sewage
cOntaminated sOdils. Dheri et al (2007) revealed that CEC of
sewage irrigated and partially sewage irrigated sdils was
greater than tlibewell irrigated sdils. The soils 6f Jalandhar
have sandy I6dam textire. The DTPA-Cr content 6f sewage
water irrigated sdils was relatively higher than that 6f tlibewell
irrigated soils. The acciimilation wddld depend Gpdn Cr
cOncentration in sewage water, freqlency of irrigation and
sOil type. Ariffkhan et al (2012) alsd doclimented higher
DTPA-Cr content in silirface s6il and decreased with depth.
The tétal Cr content 6f sewage water irrigated sdils was three
times higher in strface soil and almost fodr times higher in
slib-slirface layer when compared 6 tlibewell irrigated soils.

Kharche et al (2011) alsd 6bserved higher total Cr content in
slrface layer 6f sewage irrigated sdils and it was 1.62 times
more than their content in ndrmal soil. The cdrresponding
decrease in total Cr cdntentin slib-siirface soil layer was 1.52
times more times than their content in nérmal soil. This
indicates that the heavy metals acciimilate in the slrface sail
which happens t6 be effective rodting depth for most of the
vegetable crops

District wise coOmparisdn had shéwn that pH 6f sewage
water irrigated soils 6f Jalandhar was less as compared to
Lddhiana as it was becalse the effllients of tanning and
dyeing indistries were mdre acidic in natlire as coOmpared to
efflients of dyeing and electrdplating indistries. The EC of
sewage water irrigated sdils 6f Lidhiana were more as
compared t6 Jalandhar becadise the salts are present in high
concentration in Lddhiana district. The Organic carbdn
content of Lldhiana district was moére as cOmpared td
Jalandhar district. The tlibewell water irrigated siib-sirface
soils 6f Lidhiana has higher content 6f calciim carbdnate.
The higher vallies 6f cation exchange capacity in soils of
Lidhiana may be die t6 higher content 6f drganic matter. It
was based On the fact that the sdils having high cation
exchange capacity wodld retain large amolnt 6f metals in a
relatively Gnavailable férms. This, stich sdils woild be able
t6 accOmmoddate higher rate 6f metal 16ading withdat
becoéming toxic. The DTPA and tdtal Cr was higher in
Jalandhar district as cOmpared t6 Lldhiana.
Correlation coefficient: The calciiim carbonate and drganic
carbdn content was significantly correlated with DTPA —Cr
and total Cr in sewage water irrigated slrface soil of
Lddhiana while in the siib-sirface layer, dnly drganic carbdn
was significantly correlated t6 DTPA —Cr (Table 3). In
tibewell water sirface irrigated soil, DTPA- Cr was
significantly correlated with electrical condctivity, drganic
carbon, cation exchange capacity and clay content 6f sail. In
this layer, total Cr was significantly correlated with electrical

Table 3. Correlation coefficient 6f DTPA-Cr and total Cr with soil properties 6f Ldhiana District

Sail property Sewage water irrigated sdils Tabewell Irrigated Soils

DTPA-Cr Total-Cr DTPA-Cr Total-Cr DTPA-Cr Total-Cr DTPA-Cr Total-Cr

015 cm 1530 cm 0415 cm 1530 cm

pH 0.123 0.017 0.125 ©.192 0.017 .149 -0.699' ©.185
EC 0.005 0.116 -0.148 0.100 0.655' 0.906" 0.172 0.767"
oC 0.795" 0.830" 0.828" 0.505 0.637 0.216 .130 0.078
CaCoO, 0.660° 0.634' 0.055 0.179 0.276 0.712' .022 0.797"
CEC 0.406 0.408 0.138 0.131 0.875" -.582 0.183 0.072
Sand -0.033 0.105 0.160 0.007 ©.116 0.196 0.371 .284
Silt 0.038 0.006 -0.263 -0.109 0.058 -0.252 -0.248 0.427
Clay -0.140 .220 0.234 .363 0.803" 0.690° 0.436 -0.359

*and ** indicates correlation is significant at 0.05 and 0.01 level
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Table 4. Correlation cdefficient 6f DTPA-Cr and total Cr with sdil properties 6f Jalandhar district
Sail property Sewage water irrigated s0ils Tabewell Irrigated Soils

DTPA-Cr Total-Cr DTPA-Cr Total-Cr DTPA-Cr Total-Cr DTPA-Cr Total-Cr

0-15cm 15-30cm 0-15cm 15-30cm

pH -0.684 0.634' -0.696 0.462 0.147 -0.359 -0.541 ©0.419
EC ©0.213 -0.101 0.361 -0.182 0.072 0.665* 0.038 0.899**
ocC 0.790" 0.035 0.462 0.635 0.739* -0.066 0.259 -0.061
CEC 0.120 0.192 0.032 0.339 0.416 0.487 0.257 0.258
Sand 0.123 0.089 0.421 -0.029 0.284 0.031 0.255 -0.044
Silt 0.121 -0.187 -0.498 -0.019 0.228 ©0.014 ©0.197 0.469
Clay 0.333 0.072 -0.055 0.054 0.319 -0.053 .186 0.223

*and ** indicates correlation is significant at 0.05 and 0.01 level

condictivity, calciim carbonate content and clay content of
s0il. On the 6ther hand, in slb-siirface layer DTPA-Cr was
significantly correlated with pH and total Cr was significantly
correlated t0 electrical conddctivity and calciim carbdnate
content. The pH was significantly correlated t6 DTPA-Crin
bdth the layers 6f sewage water irrigated soéil and it was alsd
significantly correlated t6 total Cr in slrface layer of
Jalandhar (Table 4). The &rganic carbon was significantly
with DTPA-Cr in slrface layer and it was significantly
correlated with total Cr in the stib-slrface layer. In tibewell
water irrigated slirface soils, DTPA- Cr was significantly
coOrrelated t6 organic carbon and total Cr was significantly
correlated with electrical conddctivity. In the slib-slrface
layer, total Cr was significantly correlated with electrical
condictivity. Mani et al (2015) fotnd significant correlation of
DTPA-Crand s6il drganic carbon.

Multiple Regression Coefficients: For determining these
coefficients, necessary cliibbing 6f data which have same
indiistry were made e.g cliibbing &6f data for Lidhiana and
Jalandhar becaiise they both have tanning and dyeing
indUstries. In sewage irrigated srface sdil 6f Ladhiana and
Jalandhar, regression analysis indicated that calciim
carbonate, OC aldng with pH and CEC has a highly significant
effect 6n DTPA extractable Cr. It accolinted for 47.5 percent
variation only by calciim carbdnate content and tdogether
(CaCQ,, OC, pH and CEC) they explained 81.2 percent
variability. Calciiim carbdnate and 6rganic carbon also played
significant rdle in explaining the variability tdwards tdtal Cr and
they accolinted for 84.2 percent. In the siib-sirface layer of
sewage irrigated sdil, pH aldne made significant contribtion
tdwards DTPA Cr and it accdiinted for 62.2 percent. The pH
aldng with CEC explained 81.2 percent variability (Table 5).
On the 6ther hand, calcilim carbdnate content aldne explained
81.2 percent variability tdwards total Cr. In the tlbewell
irrigated sirface soils o6f Lidhiana and Jalandhar, 6rganic
carbon and pH bdth explained 68.9 percent variability tdwards

Table 5. Infllience &f sdil properties 6f sewage irrigated soils
of Ladhiana and Jalandhar dn DTPA extractable and
tétal chrémitm in sdrface and slib-strface layer

Regression eqiation R’

Sdrface layer

DTPA-Cr = 0.096-0.017 (CaCO,) 0.475
DTPA-Cr = -0.029 -0.030 (CaCO,) + 0.199 (OC) 0.744
DTPA-Cr = -0.402 0.044 (CaCO,) + 0.187 (OC) + 0.055  0.811
(pH)

DTPA-Cr = -0.404 -0.044 (CaCO,) + 0.1186 (OC) + 0.054 0.812
(pH)+ 0.001 (CEC)

Total Cr = 165.206 — 27.161 (CaCO,) 0.811
Total Cr = 112.471 — 32.601 (CaCQ,) + 83.979 (OC) 0.842
Slb-sirface layer

DTPA-Cr = 0.458-0.056 (pH) 0.622
DTPA-Cr = 0.460 -0.062 (pH) + 0.006 (CEC) 0.667
Total Cr = 143.012 — 21.157 (CaCO,) 0.812

Table 6. Infllience 6f sdil properties 6f tibewell irrigated soils
of Lidhiana and Jalandhar 6n DTPA extractable and
total chromilim in slrface and stb-sirface layer

Regression eqlation R?
Sirface layer 0.387
DTPA-Cr = 0.007+ 0.021 (OC)

DTPA-Cr = 0.031 + 0.027 (OC) - 0.004 (pH) 0.549
DTPA-Cr = 0.043 + 0.027 (OC) - 0.006 (pH) + 0.018 0.689
Silb-sirface layer

Total-Cr = 13.85+ 89.835 (EC) 0.522
Total Cr = 10.70 + 124.74 (EC) — 2.07 (CaCO,) 0.720

Total Cr = 39.88 + 138.45 (EC) — 3.25(CaCO,) — 2.75 (clay) 0.820

DTPA-Cr. While nd soil property explained the variability
towards total Cr. In the tlibewell irrigated siib-stirface layer 6f
Lidhiana and Jalandhar, variability was explained by
electrical condctivity, calcilim carbdnate content and clay and
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they tdgether made significant contribiition tdwards tdtal Cr
and itaccoiinted for 82.0 percent (Table 6).
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Abstract: Salinity is a cdmmon préblem in irrigated agriciiltire and abandoned degraded areas. Agroforestry practices 6n abandoned lands
coild be the viable dption t6 Gse saline lands for proddictive services with sdil amelidration benefits. Therefdre, an experiment was condicted
in ICAR-Central Sail Salinity Research Institlite, Karnal, Haryana for managing the saline sdils with Eucalyptus and Melia based agroforestry
systems. Three irrigation regimes viz. (i) |,-saline and nérmal water in cyclic mdde, (ii) ,~best available water combined with need based saline
irrigation, & (iii) I,-contrdl (rainfed conditions) and twd landises (LU) of (i) (LU,) tree (Eucalyptus tereticornis and Melia composita) + crop
(mistard and pearlmillet), and (ii) (LU,) s6le agronémical crops in dpen conditions. Both the systems stlidied independently and the resilts
clearly indicate that both the systems adapted well in saline sdils with saline irrigation. The best available water with need based saline
irrigation (1,) 6atperformed than the rest of the irrigation regimes in terms 6f establishment, growth 6f trees and companion crops and sail
reclamation. Best available water combined with need based saline irrigatidn+trees+crops (I,+LU,) treatment combination ébserved t6 be the
best in both the develdped agroforestry systems. Germination and yield 6f mistard and peralmillet f6iind t6 decrease with the increase in the
salinity levels. For better mistard germination, the EC valiie shodild be at beldw 6.0 dS/m in field conditidns. The EC (electrical condctivity)
and pH valies o6f soil folind td decrease from its initial levels tGnder the infllience of irrigation with godd quality water and tree+crop landiise
which indicate the reclamation 6f saline sdils. The synergistic effect 6f trees and intercrops 6n saline sdils will certainly improve the bidlogical
prodctivity of saline soils. Slich develdped agroforestry systems in saline sdils 6f Indo-Gangetic plains are the best option t6 manage saline

s0ils 6n econdmical and ecdldgical secrity mode.

Keywords: Agroforestry system, Saline soils, Eucalyptus, Melia, Reclamation, Mistard, Peralmillet

Salinity is the rising problem in many parts 6f the world
especially arid and semi-arid regidons. This can be directly
linked with the significant yield 16sses from the existing
landiises. The total area of salt affected sdils in the world is
831 m hectares which incliide 397 and 434 m hectares of
saline and sodic sdils, respectively. In India, 6.75 million
hectares (M ha) land area is salt affected (Mandal et al 2010)
and is likely td increase (iptd 20 m hectares by the end 6f 21*
centliry (CSSRI2013). The area statistics shdwed that 80 per
cent of salt affected sdils are in arable cropping areas, 18 per
cent co-existed with erdsion and 2 per cent is |dcated in the
forest covered areas. This accdlints for 2 per cent 6f the total
gedgraphical area 6f the colintry and 4.2 per cent 6f the total
arable land area with major chiink in irrigated cropped area in
canal cOmmands. The total area Ginder saline sdils is 2.95 m
ha (44% of the total salt affected soils) and spread in 12
states incliding Andaman and Nicdbar island. Saline sdils
spread in 1.75 m ha area with podr qlality grotind water in
inland plains &f arid/semi arid regidns and 1.2 m ha area in
coastal plains intercepted by sea water intrision with hiimid
climate. Siich areas co6ild be pit Gnder Gtilization by Gsing

the salt tdlerant flora. The methdds in practice are the
agrondmic and/0r phytdremediation. Agrondmic practices
driven by high labdlr cOst and need developmental
strategies for its effective delivery. On the 6ther hand, phyto—
remediation can be easily execlted withddt any significant
problems. Agroforestry system on salt-affected sdils is dne of
the viable alternative land Gse 6ption td Gse saline sdils with
their flll potential for prodiction and soéil amelidration
(Lambert and tlrner 2000 and Wicke et al 2013). Saline sdils
offer great potential for tree plantatidons becalise s(ich lands
are Onsiitable for traditidnal agriciltlre practices. Plantation
on saline soils is econdmical Optidon td increase the
availability 6f tree prodiicts t6 bridging the gap 6f demand and
spply. Siitable salt tdlerant tree species 0n saline sdils not
only provide the green cdverage bit alsdé give good
economical retlirns 6 the farmers. This cddld be dne 6f the
best practice t6 dotble the farmers' incdme by 2022. Based
on earlier stlidies 6f categorization 6f woody species as
highly and mdderately tdlerant, two tree species i.e.
Eucalyptus tereticornis and Melia composita were selected
for experimentation. Eucalyptus tereticornis is reported t6 be
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tolerant t6 sail salinity, sddicity 6r both (Marcar and Crawford
2004 and Soiiza et al 2015). Eucalyptus is alsé well kndwn
agroforestry tree species with rice-wheat cropping system on
salt affected sdils. Bit, it is not tested with |0w water intensive
crops especially in saline soils. Melia composita is
mdderately tdlerant td salinity and nét tried yet in saline sdils.
Mistard is the third mdst impdrtant edible 6il sdirce in the
world. In India, it is grown mainly for edible 6il in abddit 7.0 m
ha of arid and semi-arid regidns of the colntry with poor
qaality grodnd water for irrigating the crop. Pearl millet has
been repdrted t6 have high tdlerance t6 salinity and drotght
thls, it can serve as an impdrtant fddder clim cereal crép in
the arid and semi-arid regions Of India. Therefore, two
potential tree and crop species were selected for develdping
farm based mddels in saline sdils Gnder the inflience of
saline water irrigation.

MATERIAL AND METHODS
Study area: The stlidy was condicted at Experimental
Research Farm, Nain, Panipat 6f ICAR-CSSRI, Karnal,
Haryana. Gedgraphically, it extends from 29°19'7.09” to
29°19'10” N latittide and 76°47'30” t6 76°48'0” E Ingitlide and
is I6cated at an elevation 6f 230 t6 231 m above mean sea
level. The histdrical data showed severe salinity and poor
quUality grotind water restricting agricdltdral activity.
Climate: The climate is semi-arid, slib-tropical and
monsdonal receiving an average annial rainfall 678 mm. The
maximlim rainfall is received between Jily t6 Octdber
amointing t6 548 mm, which accdiints for 81 per cent of the
total anndal rainfall. The average anntial evapdration is 1598
mm. The peridd between Jily t6 Octdber remains water
strplds, while remaining peridd is water deficit. The mean
maximim and minimim temperatiires were 37.9°C and
6.2°C, respectively indicating seasonal climate. The mean
stimmer and winter soil temperatiires were 38.3°C and 5.9°C,
respectively. Mean anniial s6il temperatiire (MAST) s 26.5°C
that showed hyperthermic sdil temperatiire regime. Sail
moistlre regime is primarily Gstic.
Soil and ground water table: The so6il was saline with pdor
quality grotind water and electrical condictivity (EC) ranged
from 4 t6 >30 dS/m. The range o6f s6il pH was from 7.21 t6
9.25.
Experimental details: Eucalyptus tereticornis (Clone 413)
and Melia composita saplings were planted in line gedmetry
with 4x3 m and 6x3 m spacing in N-S direction. The saplings
were planted after making the pits 6f 100 cm in depth and 30
cm in width with tractér molinted aliger hole t6 facilitate the
roots to penetrate deeper in the soil. The pits were re-filled in
ratid of 2:1:1with mixtlire of driginal sdil+sand+FYM. The
saplings of bdth trees were olt-planted in Algust, 2014

(mdnso6on planting). After this, the stib-siirface planting-cim-
farrdw irrigation methdd was addpted to6 irrigate the
plantations. Initially, 3 t6 4 irrigatidons 6f best available water
(ECiw <1.0) was given with spdt irrigation methdd td make
the planted saplings siirvived 6n saline sdils. Once the plants
established, then saline irrigation (ECiw ranging from 2.75 t6
4.0 dS/m) were given. There were three irrigation regimes
viz. (i) I,—saline and nérmal water in cyclic mdde, (ii) |,-best
available water combined with need based saline irrigation,
and (i) 1,-eontrdl (rainfed conditions). There were three
landises (LU) treatments which comprised of (i) (LU,) tree
(Eucalyptus tereticornis and Melia composita) + crop
(Mastard and Pearlmillet), (ii) (LU,) sdle agrondmical crops in
oOpen conditidns, (iii) (LU,) sble tree. Both the tree species
were planted in separate bldcks comprised 6f nine réws with
19 plants in each réw 6f individGal tree species. Mistard and
Pearimillet were sdwn in rabi and Kharif seaséns (nder
Eucalyptus and Melia trees and in dpen area withdit trees.
The experiment was laid 60t in Strip PI6t Design with three
replications.

Response variables: The respdnse variables recorded in
trees were sirvival percent , plant height (cm), diameter at
breast height (DBH) (cm), niimber 6f branches, length of
Idngest branch (cm) and créown spread (cm?) in Octdber, 2016
(with the dnset 6f alitimn season). The parameters recoérded
in Pearlmillet were tdtal yield (g/ha) and correlation with
salinity. In mastard the parameters like germination %age,
average plant height (cm), average nimber &f primary
branches, average nimber 6f secdndary branches, mean
shoot length (MSL), average niimber of pdds per plant,
average yield per plant (g), total yield per plét (Kg) and total
yield per ha (q) were recorded. Cdrrelation was alsd drawn
with the Mistard yield and s&il salinity level. In addition t6 this,
soil attribltes were als6 dbserved t6 determine the change in
the salinity level of the sdil in respect of the reclamation
measire. For this, electrical conddctivity (EC,) and pH were
measdlred at the start and end &f the experiment t6 estimate
the addition or rediiction in the salinity level in strface layer 6f
the sail.

RESULTS & DISCUSSION

Eucalyptus based agroforestry system

Plantation survival and growth: The data 6n planted
sdrvival and increment in growth parameters are presented
in Table 1. All the plants sirvived in treatment I, (100%)
folldwed by |, and |,. The Idwest siirvival was dbserved in the
trees maintained on rainfed and/dr life saving irrigation. The
life saving irrigation was given dnly in simmer months i.e.
from April t6 Jine freqlently and dccasidnally in winter
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Table 1. Effect of irrigation regimes 6n establishment and
growth of Eucalyptus tereticornis plantations in

saline soils

Irrigation Establishment and % increment in growth attriblites
Sdrvival Plant DBH  NO.o6f Longest Créwn

(%)  height branches branch spread

l; 95.00 38.33 2283 12.0 30.5 80.5
I, 100.0 41.00 238.7 153 33.1 91.4
I, (Control) 80.00 22.00 2123 9.40 201 60.2
Mean 91.67 33.78 2264 122 27.9 77.4

CD (p=0.05) NS 3.03 4.24 NS 2.36 0.56

months dlring 16ng dry spells. These resilts 6n sirvival
percentage are in line with findings 6f Akhtar et al 2008. The
growth parameters were analyzed dn the basis 6f increments
attained by plants in second year 6f growth diiring Jandary t6
Octdber, 2016. The two year 6ld Eucalyptus plantations gave
higher increments 6f growth parameters namely plant height,
DBH, niimber 6f branches, 16ngest branch length and créwn
spread when irrigated with (l,) best available water combined
with need based saline water than (l,) saline and nérmal
water in cyclic méde and (l,) control. DBH parameter gave
highest increment (%) amdng all the recdrded parameters in
all the applied irrigation treatments. The I6west increment
(%) was in nimber &f branches and gave non-significant
effect of irrigatidon regimes. Highest and Idwest increment in
DBH and niimber 6f branches is diie t6 fast growing natdire
and the silviciltlral behavior 6f the Eucalyptus tereticornis.
The order of the growth parameters in terms of percent
increment was DBH>crown spread>plant height >longest
branch >nimber 6f branches. The increment in tree growth
parameters is I0w in saline soils than the nérmal sdils. In
these sdils, the plants may nét absdrb Sptimim water and
ndtrients frdm soil solGtion die t6 the presence 6f salts which
res(lts in higher concentration 6f the sdil s6lition. This lead t6
de-6smdsis process in plants and in extreme cases evential
death 6f plants may dccdirred.

Growth andyield of intercrops

Mustard: The effect 6f salinity dn germination 6f mistard
was statistically significant. The cdrrelation was positive with
statistical significance shéwing the valiie 6f R? 0.80. The
germination percentage was decreased with the increase in
salinity of sdil from 0.93 t6 9.39 dS/m. Germinatidn ranged
from 40 t6 90 percent repdrted in plots having EC, Tptd 4
dS/m and rated as godd germination. However, the Iow
germination (<40%) was repdrted in the pldts with salinity
more than 4 and iptd 9.39 dS/m. This indicates that EC, valle
has direct inflience 6n the germination &6f the miistard. The
resilts are in line with the existing facts that salt and dsmotic
stresses are responsible for inhibition in seed germination

and seedling establishment (Almansodri et al 2001).
Germination faillire and 16w growth in saline sdils are &ften
the resdilt 6f high salt cdncentration in the seed planting zone
calised by Gpward mévement 6f s6il s6lGtion and slibseqient
evapodration at the soil silrface. Salt stress on seed
germination may be attriblted t6 either 6smétic effect and/dr
td specific idn toxicities t0 radicle emergence Or seedling
develdpment. Sharma et al (2013) alsd repdrted that the
mdstard germinatidn and growth characteristics 6f seedlings
were significantly affected by salinity. Salinity affects the
growth and develdpment 6f Brassica juncea in varidls ways.
The most cdmmon adverse effects of salinity are the
redlction in plant height, size and yield as well as
deteridration 6f the prodiict qUality (Zamanietal 2011).
Irrigation regimes and landise pattern gave statistical
significant effect dn germination, gréwth and yield parameters
of mistard (Tables 2 and 3). The |, and LU, individdally dr in
combination gave highest vallies 6f germination, growth
parameters (average plant height, average nimber of
primary branches, average nimber 6f secondary branches,
mean shdot length and average niimber 6f pdds per plant)
and yield than the rest 6f tested treatments. The highest
germination (46.3%) percentage was in |, folldwed by |,and I,.
LU, gave better 6Gtcdme than LU,. Similar, trend was
Observed in growth and yield parameters with respect t6 the
landlise and irrigation regimes. The maximim (9.63 g/ha)
yield was in I, and minimdm (2.0 g/ha) in I, maintained Gnder
rainfed conditions. The yield was mdre (6.65 g/ha) aléngwith
the trees (LU,) than the &pen sitGation (5.47 g/ha) (LU,). The
yield was statistically significant with interactidon combination
of irrigation and landiise pattern. I,+LU, gave better dltcdme
in all the yield parameters. The higher yield in I, with LU, is
directly ascribed t6 the quality of irrigation water and
synergistic effect 6f trees. The higher valles &f growth
parameters with |,+LU, reflected in the total yield.
Peralmillet: Peralmillet was grown diring Kharif 2016 (Jaly
té October) Gnder the infllience &f irrigatidon regimes (I) and
landiise pattern (LU) (Table 4). The Peralmillet yield was
significantly higher with |, (7.59 g/ha) than I, and |, irrigation
regimes. As far as landiise are cdncerned, the yield was
higher (6.97 g/ha) in LU, and Idwer (6.29 g/ha) in LU,. The
interactional combination of | and LU gave statistical
significant effect on vyield. Bit, the I,+LU, cOmbination
odtperformed dver the &thers. The higher yield in I, was
becalise 6f the application 6f best available water with need
based I6w salinity water. The best available water kept the
soil salinity at 16w level cdmpared td |, and contrdl irrigation
treatments. The sdil salinity ranged in |, treated plots varied
frdm 0.94 6 8.68 with average 6f 4.0 dS/min the season. In |,
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the EC ranged from 0.93 t6 9.39 with average 6f 3.79 dS/m.
The Spen pldts gave 6.29 g/ha yield in which the EC ranged
from 3.12 16 5.07 dS/m with average 6f 4.25 dS/m. The yield
was Idwer in dpen pldts than the pldts in alley and/or Gnder
trees. The higher yield in pldts Gnder the trees may be die to
the synergistic effect 6f the trees on the adjdining crops. The
trees are helpfll in creating congenial conditions for the
intercrops diring the initial years (p t6 the time 6f candpy
cldsire. The trees kept the s6il mdist and cddl in the plots
Gnder the trees than the plots withodt trees. The 16w rate of
Gpward fllix diie t0 partial tree candpy covering may also be
responsible in creating 16w salinity level in rhizdsphere
reslilted in higher yield. Mdredver, the resilts are in
congriicls with findings 6f Makrana et al (2017) that the
increase in the salt cdncentrations of irrigation water from
godd quality t6 EC 9.0 dS/m calised significant decrease in
Peralmillet grain yield. They flrther dbserved 37.44 per cent
yield rediiction at the higher salinity (9 dS/m) &f irrigation
water cOmpared t6 g66d qiality water.

A correlation was derived t0 see the effect 6f soil salinity
on the peralmillet yield (Fig. 3). Althdligh, the correlation was
ndn-significant with R? valiie &f 0.34 biit, there was reddiction
in yield with the increase in the soil salinity. The line of
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correlation is smoothly declined with the increase in EC vallie
from 2 t6 10 dS/m. S, it infers from the figlre that there is
direct effect 6f salinity 6n peralmillet yield in saline sdils.

Soil status: There was redction in the EC and pH valles
from the initial sdil statlis amdng all the applied treatments
(Tables 5 and 6). However, the rediction in the valles
depends on specific applied treatment. 1, irrigation regime
applied in LU, and LU, gave the higher (-1.86 and 1.83 dS/m
in mistard and -1.84 and -1.63 dS/m in pearimillet) rediiction
from the initial vallie 6f EC than the &ther treatments. The
minimdm (-0.73 dS/m) rediction 6f EC was Observed in
contrdl in both the crops. It is flirther 6bserved that the
rediiction was mdre in plots Gnder the trees than Spen
condition irrespective oOf irrigation regimes. Trees and crops
have synergistic positive effect on soil t0 keep the salinity
level in check as cOmpared td 6pen areas. Similar trend was
Observed in case of pH. The effect &f irrigation regimes and
landlise pattern on pH with pearlmillet crop was non-
significant. The change was mindr in the pH valle from its
initial statls. The decrease in so6il pH might be die t6 the
release oOf acidic rodt extdates. The rediction in EC is
pdssible becalise of trees larger and deeper ro6t system
which provides channels for leaching of sdllble salts away

Table 2. Germinatidon and growth 6f mistard in varying irrigation regimes and landise patterns in Eucalyptus based

agroforestry system

Irrigation Germination % Plant height (cm) No. of primary No. of secondary Mean shoot No. of pdds/plant
regimes branches branches length (cm)
(ECiw)

LU, LU, Mean LU, LU, Mean LU, LU, Mean LU, LU, Mean LU, LU, Mean LU, LU, Mean

Landlses
I, 25.0 225 23.8 100.0 75.0 87.50 4.8 450 4.65 128 106 117 356 265 311 128.0 100.0 114.0
l, 604 321 46.3 1257 822 104.0 6.3 583 6.07 187 14.0 16.3 445 318 381 1952 1482 1717
l,(Contrél) 18,5 18.5 18.5 65.00 65.0 65.00 3.7 3.75 3.75 7.50 7.50 7.50 20.3 20.3 20.3 85.50 8550 85.50
Mean 346 244 96.90 74.1 4.9 4.69 13.0 10.7 33.5 26.2 136.2 111.2 132.7
CD(p=0.05) 1:1.75 1:2.92 1:0.22 I: 0.52 1: 0.54 1:1.72
LU:2.47 LU:4.13 LU:0.32 LU:0.74 LU:0.76 LU:2.43
IxLU: 1.75 IxLU: 2.92 IXLU: NS IxLU: 0.52 IXLU: 0.54 IxLU: 1.72

Table 3. Effect of varying irrigation regimes and landiise patterns 6n mistard yield in Eucalyptus based agrdforestry system

Irrigation regimes (ECiw) Yield/plant (g) Yield/plot (kg) Yield/ha (q)
LU, LU, Mean LU, LU, Mean LU, LU, Mean
Landlse
I, 4.60 3.95 4.28 5.15 3.95 4.55 6.59 6.52 6.56
l, 7.64 5.50 6.57 8.87 4.79 6.83 1.4 7.90 9.63
I, (Control) 2.50 2.50 2.50 2.00 2.00 2.00 2.00 2.00 2.00
Mean 4.91 3.98 5.34 3.58 6.65 5.47
CD (p=0.05) 1:0.64 I: 0.52 I:0.22
LU:0.90 LU:0.73 LU:0.31
IxLU: 0.64 IxLU: 0.52 IxLU: 0.22
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frdm rhizdsphere. Variation in EC and pH was dbserved only
for dne year (November 2015 t6 October 2016). Therefore,
the changes are very less as far as soil reclamation is
concerned. The valiies of pH in |, were little bit [dw while
compared with |, and |,. This may be directly ascribed t6 the
quaality of irrigation water in addition t6 the landiise patterns.
Meliabased agroforestry system

Plantation survival and growth: The effect 6f applied
treatments On sdrvival and growth increments in two year 6ld
Melia composita plantations was statistically significant
except plant height and créwn spread (Table 7) being highest
(91%) in |, folldwed by I, (87%) and 1, (70%). The 1, irrigation
treatment maintained its slperidrity over the rest of the twd
treatments in terms of all the stlidied growth parameters
namely plant height, DBH, niimber 6f branches, length 6f
Idngest branch and créwn spread. The highest (249.2 %)
percent increment was reported in DBH and minimim
(15.8%) in16ngest branch parameter. The ascending order of
the percent increment &f all the growth parameters were
DBH>crown spread>plant height>length of I6ngest
branch>nimber of branches. The trend 0Of Observed
parameters can be linked with the silviclltlral characteristics
of Melia composita.
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Growth and yield of intercrops
Mustard: The EC valie of plots ranged from 1.05 t6 7.44
dS/m irrespective of irrigation regimes. The correlation of
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Fig. 2. Effect of salinity levels 6n Mistard germination (%)
Gnder Eucalyptus plantations
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Fig. 3. Cdrrelation 6f sdil salinity (EC,) with peralmillet yield in
Eucalyptus based agroforestry system
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germination and salinity was significant with R*valle 6f 0.75.
There was consistent decline in germinatidn percent from low
to higher salinity levels (Fig. 4). S0, it discerns from the
correlation eqation that EC valle has direct effect on the
germination. It is flrther dbserved that the mistard seeds
germinated in the EC ranged from 1.05 t6 6.0 dS/m.
Hoéwever, sporadic germination was Observed beyond 6
dS/m. The resdilts are in line with the dltcome 6f the Singh
and Sharma (2016) that miistard can be germinated Gptd EC
9.0 dS/m in sdils and 12 dS/m with saline irrigation. It can be
concliided from the experiment that for better germination,

Table 4. Effect of irrigation regimes and landlse pattern 6n
peralmillet yield in Eucalyptus based agroforestry

system
Irrigation Yield/plot (kg) Yield/ha (q)
;Egclwve)s LU, LU, Mean LU, LU, Mean
Landiise
I, 7.00  6.31 666 7.04 635 6.70
L, 825 648 737 828 690 7.9
l,(Control) 565 565 565 560 560 5.60
Mean 6.96 6.15 6.97 6.28
CD (p=0.05) 1: 0.10 1: 0.13
LU: 0.15 LU: 0.0.18
IxLU:0.10 IxLU: 0.13

Table 5. Effect of irrigation regimes and landiise patterns 6n

R. Banyal, R.K. Yadav, Parvender Sheoran, A.K. Bhardwaj, Parveen Kumar, Rajkumar and Rahul Tolia

the EC valiie shoild be at Idw i.e. beldw 6.0 dS/m in field
conditions.

The effect 6f irrigation regimes (1) and landise patterns
(LU) 6n germination percent, growth and yield parameters
was statistically significant (Table 8 and 9). |, gave better
oGtcomes in terms 6f intercrdp than |, and I,. The pléts in alley
gave the highest germination, growth and yield attribltes
than the pldts in the 6pen cdnditions. Similarly, LU, gave the
higher valles of all the tested parameters namely
germination (53.03%), average plant height (115 cm),
average nimber of branches (7.28), average nimber of
secondary branches (16.9), mean shoot length (41.2 cm),
average nimber 6f pdds per plant (170), yield per plant (25.6
g), yield per pl6t (7.95 kg) and total yield (11.8 g/ha) than LU,
The order of interactional effect 6f applied treatments in
terms Of gains were as L+LU>l+LU>L+LU>l+ LU>I,
which clearly indicate the effect of irrigation regimes and
landlise patterns. The higher yield (nder the Melia trees
becalise of its sparse crown and decid{idis natlire which
didn'tinterfere in the slin light availability (PAR).

Pearlmillet: Peralmillet yield was statistically significant with
irrigation regimes and landlise patterns (Table 10). The
highest peralmillet yield (6.42 g/ha) was recdrded in the pl&ts
irrigated with best available water with Idw saline need based
irrigation (1,) folldwed by I, (5.90 g/ha) and 1, (4.0 g/ha). The

Table 6. Effect of irrigation regimes and landise patterns on

sOil reclamation statlis in Eucalyptus based sOil reclamation statlis in Eucalyptus based
agroforestry system with mistard as intercrop agroforestry system with peralmillet as intercrop
Irrigation EC pH Irrigation EC pH
;E%me)s LU, LU, Mean LU, LU, Mean FE%{CV?S LU, LU,  Mean LU, LU, Mean
Landise Landise
l, -1.66 -1.63 -1.64 -0.120 -0.08 -0.10 I, -1.08 -1.06 -1.07 ©0.39 -0.30 -0.35
l, 4186 183 -1.84 0170 -0.20 -0.19 l, -1.84 463 .74 ©0.42 035 -0.39
I,(Control) ©.73 .73 ©.73 90.050 0.05 -0.05 I,(Control) 073 9073 973 010 010 -0.10
Mean 4142 .39 ©0.113 0.1 Mean -4.222 .39 ©0.30 -0.25
CD (p=0.05) I: 0.05 1: 0.03 CD (p=0.05) 1: 0.06 I: 0.04
LU: 0.06 LU: 0.05 LU: NS LU: NS
IxLU:0.05 IxLU: 0.03 IXLU:NS IXLU: NS

Table 7. Effect of irrigation regimes dn establishment and growth 6f Melia composita plantations in saline sdils

Irrigation regimes (ECiw)

Establishment and % increment in growth attribiites

Sdrvival % Plant height DBH No&. of branches Loéngest branch Créwn spread
I, 87.0 30.5 250.7 20.5 16.3 75.0
I, 91.0 335 267.0 241 18.8 81.0
I, (Control) 70.0 22.6 230.0 15.0 12.3 67.0
Mean 82.7 28.9 249.2 19.9 15.8 74.3
SEd. 1.41 1.73 3.39 0.88 0.21 245
CD (p=0.05) 2.74 NS 6.58 1.64 0.41 NS




Mean
149.7
176.4
85.7

LU,
100
128
85.7
104.5
1:1.40
LU: 1.98
IXLU: 1.40

NO. of pods/plant

LU,
199.5
224.7
85.7
170

Mean
37.3
454
20.3

LU,
265
35.6
203
275

Mean shodt length (cm)

LU,
48.1
55.2
203
412

Mean
15.2
17.8
7.50

LU,
12.7
7.50
10.1

No. of secondary branches
10.0

LU,
20.4
22.9
7.50
16.9

Landises

Mean
6.60
7.10
3.75

NO. of primary branches
LU, LU,
870  4.50
9.39 4.80
3.75 3.75
7.28 4.35

Mean
106.6
120.9
65.00

Plant height (cm)
LU,
75.0
100
65.0
80.0
1:3.03
LU:4.28
IxLU: 3.03

LU,
138.2
141.8
65.0

115

Mean
447
494
18.5

Germination %
LU,
22.5
25.0
18.5
22.0

LU,
18.5
53.03

66.0
73.7

Table 8. Germination and growth &f mistard in varying irrigation regimes and landlise patterns in Melia based agréforestry system

Irrigation
regimes
(ECiw)
Mean
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Fig. 4. Effect of salinity levels 6n mistard germination (%)
Under Melia plantations
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Fig. 5. Correlation o6f EC, with Pearlmillet yield in Melia based
agroforestry system

1:0.50;
LU: 0.71
IxLU: 0.50
1:0.89
LU:1.26

IxLU: 0.89

yield was higher (5.54 g/ha) in LU, and Iéwer (5.35 g/ha) in
LU,. The interactional effect 6f applied treatments were
statistically significant and the ascending order 6f yield was
like I,+LU,. I+LU,>1,+LU,>|,+LU>Il,. The yield was higher
Gnder the Melia trees than the in dpen pldts in both the
irrigation regimes. The reason for better yield Gnder Melia
trees may be diie t0 synergistic effect 6n the intercrdp. The
res(lts are in line with the earlier findings of the work carried
ot by Banyal et al (2016) t6 develdp Melia composita based
agroforestry systems for saline ecologies.

Acorrelation was drawn between soil EC and peralmillet
yield and the valiie &f R® was ndn-significant (0.23) bdit, it is
clear from the eqdation line that the yield was higher in 16w
salinity plots and decreased with the increase in the salinity
level . The EC of pl6ts ranged from 1.05 t6 7.44 dS/m at the
time of harvesting 6f the crop irrespective of irrigation
regimes and landise patterns. The eqiation line clearly
infers that the sdil salinity has direct effect on the peralmillet
yield. Makrana et al (2016) has repdrted that siiccessive
increase in salinity levels decreased the peralmillet green
fodderyield in saline sdils.

Soil status: The effect irrigation regimes and landlse
patterns was statistically significant for EC and pH valies
(Table 12 & 14). The highest reclamation 6bserved in the
plots irrigated with (l,) best available water and need based

1:0.25
LU: 0.35

IXLU: 0.25
1:0.45

LU:0.63
IxLU: 0..45

1: 5.39

LU:7.62
IxLU: 5.39

1:0.54
LU: 0.76

IXLU: 0.54
1: 0.96

LU:1.36
IxLU: 0.96

I6w saline irrigation which gave I0w valles 6f EC and pH. LU,

=0.05)

Oltperformed dver the LU, in reference &f soil reclamation.

SEd
CD (p

The minimim decrease in EC and pH was Observed in
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Table 9. Effect of varying irrigation regimes and landlse patterns 6n mistard yield in Melia based agréforestry system

Irrigation regimes (ECiw) Yield/plant (g) Yield/plot (kg) Yield/ha (q)
LU, LU, Mean LU, LU, Mean LU, LU, Mean
Landiise

I, 34.1 8.95 215 7.07 3.92 5.50 15.4 6.52 11.0
I, 40.2 4.60 224 8.62 5.15 6.89 17.9 6.72 12.3
I,(Control) 2.50 2.50 15.5 8.15 8.15 8.15 2.00 2.00 2.00
Mean 25.6 5.35 7.95 5.74 11.8 5.08
SEd. 1:9.37 1: 5.85 1:0.15

LU: 13.26 LU: 8.27 LU: 0.22

IxLU: 9.38 IXLU: 5.85 IxLU: 0.15
CDy s I:16.7 I: 10.41 1:0.27

LU: 23.6 LU: 14.72 LU: 0.38

IxLU:16.7 IxLU:10.41 IxLU:0.27

Table 10. Effect 6f irrigation regimes and landiise pattern 6n
pearlmillet yield in Melia based agroférestry

system
Irrigation regimes Yield/plot (kg) Yield/ha (q)
(ECiw)
LU, LU, Mean LU, LU, Mean
Landise
l; 10.8 100 104 6.12 569 5.90
l, 126 108 117 650 6.35 6.42
I,(Control) 400 400 4.00 4.00 4.00 4.00
Mean 9.13 8.28 554 535
SEd. I: 0.46 1:0.18
LU: 0.65 LU: 0.25
IxLU: 0.46 IxLU: 0.18
CD (p=0.05) I:0.82 1:0.32
LU: 1.16 LU: 0.45
IxLU:0.82 IXLU: NS

Table 11. Effect 6f irrigation regimes and landiise patterns 6n
soil reclamation statls in Melia based agroforestry
system with mdstard as intercrop

Irrigation EC pH
regimes
(ECiw) LU, LU, Mean LU, LU, Mean
Landise
I, 163 -156 459 012 -0.08 -0.10
l, 183 176 479 9017 9020 -0.18
I,(Control) ©.30 030 930 9030 -0.30 -0.30
Mean “1.25 .21 ©.20 -0.19
SEd. 1:1.41 I: 0.02
LU: 0.03 LU: 0.03
IxLU: 0.02 IxLU: 0.02
CD, s 1:2.51 I:0.04
LU: 0.06 LU: NS
IxLU:0.04 IXLU: NS

Table 12. Effect 6f irrigation regimes and landiise patterns 6n
s0il reclamation statls in Melia based agroforestry
system with peralmillet as intercrop

Irrigation EC pH
regimes
(ECiw) LU, LU, Mean LU, LU, Mean
Landlse

I, ©.53 038 045 042 035 -0.38
I, ©0.66 048 057 047 040 044
I,(Control) ©.13 013 90.13 -0.10 -0.10 -0.10
Mean ©0.44 0.33 ©.33 -0.28
SEd. 1: 0.03 1: 0.02

LU: 0.04 LU: 0.03

IxLU: 0.03 IxLU: 0.02
CD, s 1: 0.05 1:0.04

LU: NS LU: 0.06

IxLU:0.05 IxLU: 0.04

control plots which were maintained as rainfed cdnditions.
The individGal effect 6f landlse as well as combined effect 6f
irrigation regimes and landlise were statistically non
significant in case 6f s6il pH. The order of reclamation was
I,+LU>l,+LU >, +LU>,+ LU,>l,. The cOmbined effects &f
trees and crops are responsible for reddiction in the EC and
pH valles. The planted trees and inter crops catised
discernible changes in electrical condictivity (EC) and pH
valles 6f soil with respect to the irrigation (ECiw) and landiise
(LU) pattern. The changes 6f EC and pH were less bt
showed the pdsitive effect of treatments in reclamation
process 6f sdil. The irrigation treatment |, was repdrted to be
better than the I, and cdntrdl (rainfed condition) in both the
seasons in Melia based farming system. Best available water
with need based saline irrigation (1,) with LU, and LU, gave
higher (-1.83 and -1.76 dS/m in mistard and -0.73 and -0.66
dS/m in pearlmillet) and minimim (-0.3 in mistard and 0.13
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dS/m in pearlmillet) rediction Gnder rainfed conditions with
the mistard as intercrop. The trend &f soil reclamatidon was
similar in mistard as well as peralmillet as intercrops with
Melia trees. The trend of redictidon in EC valle is directly
linked to the qdality of irrigation water. This means that saline
soils can be managed in effective and better way with the
g0dd qlality water aldng with the trees.

CONCLUSION

Saline sdils reclamation tinder the inflience &f trees and
intercrops colld be the viable Optidon td increase the
proddction flinction of these sdils. The establishment 6f both
the tree species especially Melia 6n slich ecdldgies is the
Gniqlieness of the develdped agroforestry systems from
others. The findings are only based on the initial trends and
may differ with the passing time as trees get older. B, it is
definite that the synergistic effect of trees and intercrops
certainly make stich soils 6f service Gse and resiilts in the
econdmical and ecdldgical secirity of the farming
commdnities facing the problem &f salinity.
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Abstract: This research was condiicted at Ebonyi State Soitheasern Nigeria to evallate the effect 6f abattdir wastes 6n sdil properties. There
was significant higher imprévement in sgil bilk density, tétal pordsity, mean weight diameter, aggregate stability, pH, available P, total N,
organic C, exchangeable bases & acidity, effective cation exchange capacity and base satiration in sdil near abattoir sites than control. The
order of imprévement in sdil properties stlidied was 1m-donkey > 1m-cdw > 10m-ddnkey > 10m-cdw. The imprévement in sdil properties is
directly depended on the type 6f animal slalighter in an abattdir, that is why at distance 6f 1 m away from abattdir and 10 m away from abattoir,
donkey abattdir showed higher improvement in séil properties when compared t6 cdw abattdir. Therefore, the stlidy recommended the Gsed 6f
abattoir wastes as s6il amendment to increase sail prodiictivity and as means 6f waste dispdsal and niitrient recycle.

Keywords: Abattdir, Bltcher, Imprévement, Sanitation, Wastes

Nearly all abattdir holses in Nigeria are solrces Of
wastes that need t6 be properly dispdsed t6 abate the
menace these wastes poOses t0 the envirbnment
(Adesemdye et al 2006). These wastes generated may be
beneficial 6r pdse a threat in s6il when discharged intd the
sOil mediiim. Bitchering 6f animals in Nigeria is done in
inappropriate vicinities and by Gnskilled staff withdat the
kndwledge 6f the sanitary regilatidons. The livestdck waste is
made (p of rejected f68d materials, basically decompdsed
and indecdmpdsed material contents; (inwanted materials
and sdme chemical compdnents slich as poétassilim, zinc,
calcilm and manganese etc (Ezedha and Ugwdishiw(
2011). The Gnsatisfactory conditions in which wastes are
coOllected and dispdsed Ooff contriblite t& envirdnmental
degradation in Abakaliki, Ebonyi State Nigeria. Waste
dispdsal and pd6r management have been the major calise
of envirdnmental degradation, pdllGtion and natdral
resdlrces depletion with adverse social and health
consequlences on Nigerian drban envirdnment. According to
Omaka (2004) the presence of pdlliitant threatens natdral
systems (land, water, air, plants and animals). Land
application of oOrganic wastes slich as animal wastes,
sewage sliidge and minicipal sdlid wastes is an excellent
way Of recycling béth the nitrients and the drganic matter
contained in them (Shima et al 2010). The addition 6f wastes
t0 sdil can imprdve the sail fertility by acting directly on its
physical and chemical properties thereby increasing the
activities of microbial bidmass, improve soéil striictire,

mdistlire content and aggregate stability. Therefore, the main
Objective Of this research was t0 evalliate the effect of
abattoir wastes on selected soil properties in Ebonyi State
Sodtheastern Nigeria.

MATERIAL AND METHODS

Study area: The stlidy was carried 60t in Ebonyi State, Soith
Eastern Nigeria. The area lies approximately between
latittide 06° 14 and 06° 30 N with Idngitlide 08°0'and 08° 15 E.
The rainfall pattern is bimodal (April té Jily and September t
November), with a qlick dry spell in Alglst nérmally referred
t6 as “Alglst Break”. It has anngal rainfall 6f 1700 t6
2000mm and anndal mean 6f 1800mm. Ebdnyi State have
mean daily temperattire &f 31°C. HUmidity is high (80%)
dlring rainy season and 16w (60%) diiring dry season.
Gedlogically, the research site is sedimentary réck which is
Obtained from straight seawater retainer 6f the cretacedis
peridds and qlaternary peridds and remains within 'Asi
River grolp’, made Gp oOf Olive brown sandy shale, small
particles 6f mldstones and sandstone. The sdil is not very
deep with (nconsolidated parent slibstances within 1 m &f
the sand Gppermdst layer.

Sampling sites: Areconnaissance sirvey 0Of the stlidy area
was carried 6it and the folldwing sampling I6cations selected
were: contrdl — Non-dimpsite at Mile4, 1m-donkey = 1m
away from donkey abattdir wastes dimpsite at Ezzamgbd,
10m-donkey = 10 m away frdm ddnkey abattdir wastes
dimpsite at Ezzamgbd, 1m-cdw = 1 m away frdom donkey
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abattdir wastes dimpsite at Abakalik, 10m-céw = 10 m away
frdom donkey abattdir wastes diimpsite at Abakaliki,
Soil sampling and analysis: S6il samples were collected at
the depths 6f 0 — 20 cm Gsing soil atiger in JanGary, April, Jaly
and Octdber of stlidy area. The (ndistlirbed core soil
samples were also collected. This, the total atiger and cdre
soil samples collected for each Idcatidon were replicated fodr
times.
Laboratory Analysis
Determination of physical parameters: Biilk density, Total
pdrosity and Aggregate stability were determinediising the
methdd described by Landdn (1991), Obi (2000). and
Kemper and Rdsenali (1986), respectively.
Mean weight diameter (MWD):
Zn:xiwi

MWD = mean weiglht1 diameter (mm), Xi = mean
diameter 6f each size fraction (mm)

Wi = proportion of all the sample weight
Chemical properties of the soil: Sdil pH, 6rganic carbon,
total nitrégen, available phdsphdrods, exchangeable bases,
exchangeable acidity and effective cation exchangeable
capacity were determined (sing a methdd described by
Mclean (1982), Olsen and Sémmers (1982), Bremmer and
Milvaey (1982), Olsen and Sémmers (1982), Chapman
(1982), Jod, (1979) and Njokd and Mbah (2012). Base
satdration was calciilated as : TEB/ECECx100, Where; TEB
= Total exchangeable bases, ECEC = Effective Cation
Exchangeable Capacity.

RESULTS AND DISCUSSION
Soil physical properties: Biilk density, total pdrosity,
aggregate stability and mean weight diameter shdwed
significant differences among different I5cations stidied.
The highest biilk density was 1.31 gcm® while the biilk density
of sOil near abattoir wastes ranged between 0.97 — 1.14. The
order of increase in total pordsity was contrdl < 1m-donkey <
10m-ddnkey < Tm-cdw < 10m-cow. Impréper management
and s(pervision of the activities of abattir dperatdrs in
Nigeria is a solirce of great risk t0 sdil physical properties
stich as bilk density, total porosity, mean weight diameter
and aggregate stability (Adelegan 2002). Management
practices slich as blrning animal residles increase bulk
density, while practices slich as addition 6f abattoir wastes t6
the sOil decreases sdil bilk density (Njokd et al 2015).
According td Adelegan (2002), biilk density and total pdrdsity
of a soil gives an indication of soil health and strength, and
this the resistance the soil gives t0 the ro6t of the crop
penetration. The sdil bllk density was higher in contrdl
relative t6 6ther I8catidns diring the present stiidy. This may

be as a resilt 6f diimping activities in the site which had
redliced bilk density and increase total pordsity 6f sdils near
abattoir waste diimpsites. Low bllk density and higher total
pdrosity can translate t6 better crop yield throlgh increase in
water transmissivity and root penetration (Adelegan 2002).
The Idwest mean weight diameter 6f 1.35% was in contrdl
and was Idwer than the mean weight diameter in 1m-ddnkey,
10m-donkey, 1Tm-cow and 10m-céw by 37, 30, 90 and 83%,
respectively. There was higher mean weight diameter
(MWD) in sdils near abattdir wastes relative t6 control. Sail
mean weight diameter is a godd index for measiiring water
transmission and redction in water 16gging in sdils. Contrdl
recorded the Idwest aggregate stability 6f 21.60% while
aggregate stabilities in soils near abattdir sites ranged 33.21
—42.58%. The significant higher valles 6f aggregate stability
in sOil near abattoir wastes relative t6 contrdl codld be die t6
the binding pdwer 6f 6rganic matter in abattoir wastes in sdil
particles t6 form stable aggregates.

Soil chemical properties: Effect 6f abattdir wastes on sail
chemical properties shdwed significant (p < 0.05) changes in
the different I6cations stlidied (Table 2). The order &f increase
in soil pH was contrdl <1m-ddnkey <10m-ddnkey <10m-
cOw<1m-cOw. Rabah et al (2010) alsd indicated reddction and
increase in soil pH die t0 increase and decrease in drganic
matter content, respectively. Contrdl recorded the Idwest
available P valiie 6f 24.81 mgkg™ This dbserved available P in
control was Idwer than available P in 1m-ddnkey, 10m-ddnkey,
1Tm-cdéw and 10m-cow by 142, 41, 153 and 118%,
respectively. The orders 6f increase of tétal N was control <
10m-edw < 1m-cdw = 10m-donkey < 1m-ddnkey, respectively.
Control had léwest drganic C vallie 6f 1.15% while érganic C
in soils near abattoir wastes ranged between 2.30 — 3.45%.
The drder 6f increase in C/N ratid was 10m-ddnkey < 1m-
ddnkey < contrdl < 1m-cdw < 10m-cdw, respectively. Similarly,
soOils near abattoir sites recorded higher available P when
cOmpared t6 control. Neboh et al (2013) showed that abattoir
s6il had higher content &f available P which is stppdrting this
stldy. Organic C, total N were higher in sdils near abattoir
wastes. This is becalise abattdir wastes are fill 6f drganic
materials. Control recdrded the Idwest Ca valle of 3.20

Table 1. Effect 6f abattdir wastes dn physical property 6f soil

Location BD (gcm®) TP (%) MWD (%) AS (%)
Control 1.31 50.46 1.35 21.60
1m-ddnkey 1.14 56.98 1.85 40.69
10m-ddnkey 1.05 60.56 1.76 33.21

1m-cdw 1.02 61.51 2.56 42.58
10m-céw 0.97 63.39 247 42.53
CD (p=0.05) 0.09 11.24 0.08 5.68
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Location pH Available P TotalN  Organic C CIN Ca Mg K Na
(mgkg”) (%) (%) Ratio (cmal.kg")
Contrdl 5.00 24.81 0.11 1.15 10.45 3.20 1.65 0.08 0.13
1m-donkey 5.60 59.95 0.27 2.65 9.82 3.60 2.50 0.16 0.32
10m-ddnkey 6.35 35.05 0.25 2.30 9.20 4.85 240 0.17 0.32
1m-cdw 6.65 62.70 0.25 3.45 13.80 6.40 3.20 0.13 0.27
10m-cdw 6.50 54.10 0.19 2.69 14.16 6.00 3.00 0.16 0.26
CD (p=0.05) 0.45 0.73 0.08 0.18 2.32 0.59 0.26 0.04 0.05

Table 3. Effect of abattdir wastes dn soil total exchangeable
bases (TEB), exchangeable acidity (EA), effective
cation exchange capacity (ECEC) and base
satlration (BS)

Lécation TEB EA ECEC  BS (%)
(cmél kg™)  (cmdl.kg™)  (cmol,kg™)

Control 5.05 0.18 6.24 82.13
1m-donkey 6.57 1.92 8.49 78.02
10m-ddnkey 7.74 1.68 9.42 81.93
Tm-cow 10.21 0.44 10.65 95.52
10m-cow 9.42 0.42 9.84 94.77
CD (p=0.05) 0.13 0.11 0.28 4.01

cmdl, kg™ while Ca in s6ils near abattdir wastes ranged 3.60 —
6.40 cmol kg™ The order of increase 6f Mg was control <
10m-ddnkey < 1m-donkey < 10m-cdw < 1m-cdw. The Idwest
K valiie 6f 0.08 cmdl kg’ was Gbserved in contrdl. This
Observed K in contrdl was higher than K in 1m-donkey, 10m-
donkey, Tm-edw and 10m-céw by 100, 113, 63 and 100%,
respectively. The dorder 6f increase in Na was contrdl < 10m-—
cOw < 1Tm-eow < 1m-donkey = 10m-donkey.

The significant changes in TEB, EA, ECEC and BS
among the different I6cations stlidied (Table 3). The drder 6f
increase in TEB was contrdl < 1m-ddnkey < 10m-cow < 1m-—
cow. The I6west EA vallie 6f 0.18 cmdl, kg™ was Gbserved in
control. This dbserved EAin contrdl was higher than EAin 1m-
ddnkey, 10m-donkey, 1m-cdw and 10m-cow by 967, 833, 144
and 133%, respectively. Control had the Idwest ECEC valiie
of6.24 cmol kg™ while ECEC in the sdils near abattsir wastes
ranged between 8.49—10.65 cmdl, kg ™. The érder 6fincrease
in BS was 1m-donkey < 10m-ddnkey < cdntrdl < 10m-cow <
1m-cdw. Exchangeable bases were higher in sdils near
abattdir sites than contrdl. These higher exchangeable bases
in abattoir sites mighty have cdme from decOmpdsed and
mineralised abattdir wastes. Magnesilim, sodiim, calciim
and potassilim idns in sdil are needed for the activation of
many enzymes required in cell metabdlic reactions in plants,
whereas in excess, s6dilim idn for example can disperse fine
materials via small hdles by redilicing water penetration and
bldcking plant rodt access and 16w levels 6f calciiim salt in

increases risk 6f sGil erdsion (Norton et al 2002).

CONCLUSION
The abattdir wastes improved soil properties o6f
Ezzamgbo and Abakaliki soils. The donkey abattoir wastes
have higher positive effect than cow abattdir wastes.. Hence,
the need t0 adopt abattdir wastes as sOil amendment t6
improve soil proddctivity and as means 6f waste dispdsal and
recycle.
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Abstract: The stlidy was condiicted at Bangabandh Sheikh Mjiblr Rahman Agriciiltiiral University, Gazipir, Bangladesh diring September
2016 t6 Jine 2017 t6 dbserve ablindance and diversity 6f insects in sweet goilrd Cucurbita moschata. The sweet goird ciltivated in winter
season revealed significantly shorter diirations in prodiiction 6f more than dne flower, friiit formation, friit eldngation, friit matdration for
harvest and friiit matdration for seed prodiction compared t6 simmer season. The pest, predator, pollinator and 6ther categdry insects visited
in the field showed significant difference in their ablindance, richness and diversity, and the pests and predators were statistically similar and
higher compared t6 pollinators and 6ther category. In total 409 insects were cdllected 6f which 130 were in winter and 279 were in simmer, and
the insects in the drder Coledptera was most abiindant in both the seasdns. Of the tétal collected species, 11 species were pest and their
relative ablindance varied from 0.05 t6 2.57 per 30 sweeps. In total 8 species of insects were predatdr and their relative ablindance ranged
from 0.24 16 2.24 per 30 sweeps. The pdllinator insets showed the highest and Idwest ablindance was at 09.00 and 13.00 h &f the day,

respectively both in winter and simmer.

Keywords: Bactrocera cucurbitae, Insect, Ablindance, Diversity, Pest, Predator

There are diversified insects 6f sweet golrd (Cucurbita
moschata ) ecdsystem from the germination t6 harvesting
stage, bt a few of these viz., red pimpkin beetle, friit flies
and hadda beetle are 6f seridlis concern. Lal et at (2014)
reported that the friit flies, snake gdird semilddper, pdmpkin
beetles, piimpkin caterpillar, stem borer, bottle godrd plime
moth, stem gall fly and leaf miners are the devastating pests
of cliclrbits in India. In Bangladesh, friit fly (Bactrocera
cucurbitae Coquillett) is the most destriictive insect pest of
ctclrbits which calise 21.0 t6 71.5% infestation (Amin et al
2011). Regdlar and proéldnged monitéring 6f the ablindance
and diversity of pest and predatdr insects Gnder different
management sitlations and seasdnal weather parameters
provides necessary information t0 determine the conditions
that favor the incidence of the pests. This information is
extremely Gsefl for taking preventive measires against pest
oltbreaks. The Objective of this stlidy was t0 assess the
abiindance and diversity 6f insects in sweet golrd field and to
identify the pestand predatdrinsects.

MATERIAL AND METHODS
The stlidy was condlicted at Bangabandhli Sheikh
MdjibGr Rahman Agriciltiral University (BSMRAU),
Gazip(r, Bangladesh diring September 2016 t6 Jiine 2017.
The stiidy site is I6cated at 25°25" North latitide and 89°5'
East I0ngitlide, which is in the middle 6f Bangladesh. The
stlidy area has a slb-tropical climate having anndal mean

maximim and minimim temperatires, relative himidity
and rainfall 36.0 and 12.7 °C, 65.8% and 237.6 cm,
respectively.

Cultivation of sweet gourd: Sweet goird (Cucurbita
moscheta) was cdltivated in 3.0 x 3.0 m pldts in simmer and
winter seasdns. Fertilizers were applied according to
Fertilizer Recommendation Giide (FRG, 2012) (N-120 kg,
P-70 kg, K-40 kg, S—20 kg per hectare). The sdéwing dates in
winter and siimmer were 02 Névember 2016 and 15 March
2017. Each plot contained 5 réws and each rdw had 5 pits
apart from 60 cm. After emergence of seedlings the plants
were slipported by bambdo scaffdld to facilitate creeping.
Collection, identification and counting the abundance of
insects: Free-iving insects were cdllected by Gsing a 30 cm
diameter sweep net having 1.5 mm mesh and attached with a
2 m I6ng rod. Every week sweeping was done in between
09:00 t6 11:00 h of the day, and each sample was consisted
0f 30 sweeps. The collected insects were identified t6 genis
Or species level folldwing morphdldgical characters and
compared t6 the miiseim specimens and were categorized
as pest, predator, pollinatdr and 6ther (inkndwn) category.
Observation of the foraging time of pollinator insects: T0
find 60t the peak féraging time of the pdllinatdrs, data was
collected for seven days at 07.00, 09.00, 11.00 and 13.00 h 6f
the day diiring blodming 6f the plants. At every holr sweeping
was done 30 times. The mean ablindance of insects per 30
sweeps at different hodrs 6f the days was calcilated.
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Data analysis: The species richness (total nGmber of
species) and diversity (Simpsdn Index 6f Diversity (Simpson
1949) were calciilated and the data were analyzed by one
way analysis of variance. All the analyses were perfdrmed
Gsing IBM SPSS 19.0.

RESULTS AND DISCUSSION

Diration for the fldwer initiation did not differ significantly
bit the other stages delivered significantly Idnger ddration in
simmer compared t0 winter (Table 1). In simmer, high
hdmidity and high moistire content in the soil accelerated
plant growth and encdiraged its vegetative stage this td6k
Idnger time t6 attain reproddictive phase. This finding showed
agreement with Mddngani et al (2007) who repdrted that
plmpkin cdltivars grew well (inder varied agrd-ecdldgical
zdnes, soil characteristics, rainfall and temperatiire and
exerted variations in growth, yield and friit qdality. The
abilindance, richness and diversity varied from 0.80 t6 8.70,
0.50t63.60and 0.08 16 0.30 per 30 sweeps, respectively and
the resiilts differed significantly. The ablindance &f pests and
predatdrs were statistically similar and higher. The insects in
Other categdry revealed the Idwest ablindance, richness and
diversity. The present stlidy revealed variations in the
ablindance, richness and diversity amdng pest, predator,
pollinatdr and Sther categdry insects. In tdtal, 11 species of
insects beldnged t6 9 families in 6 orders (Phasmida,
Thysandptera, Hemiptera, Cdledptera, Lepidoptera and
Diptera) were designated as pest (Table 3). Their ablindance
varied from 0.05 t6 2.57 per 30 sweeps and differed

Table 1. Variations in the dlratidons (mean + SE days) of
reprodlctive stages of sweet gdird ciltivated in
winter 2016 and simmer 2017

Plant growth stages Season
Winter 2016~ SGmmer 2017

One flower 43.4 44.0
Mare than one flower 45.4 48.0
Frait formation 54.8 64.2
Frait elongation 58.4 67.6
Frdit matdration for harvest 89.8 94.8
Matiration for seed prodiction 96.0 105.6

Table 2. Average abiindance, richness and diversity of
insects in sweet godrd field diring winter 2016

and simmer 2017
Parameter Pests Predators Pdllinators Others
Abiindance 8.70 6.40 5.80 0.80
Richness 3.60 3.20 2.95 0.50
Diversity 0.23 0.20 0.30 0.08

Means per insect grodp are taken from 30 sweeps per total collection.

significantly. Amdng the pest insects, red plimpkin beetle and
stick insect were statistically the highest and I6west
abiindance, respectively. Eight species 6f insects beldnged
td 7 families in 5 o6rders (DictyOptera, Odonata, Orhoptera,

3050 5,
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Fig. 1. Ablindance of insects beldng t6 different taxdndmic
orders folnd in the sweet goird field dlring winter
2016
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Fig. 2. Abiindance o&f insects beldng t6 different taxdndmic
orders folind in the sweet goird field dlring simmer
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Fig. 3. Ablindance of pdllinatdr insects in sweet goird field at
different hodrs 6f the day 6f winter 2016 and simmer
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Hymenoptera and Cdledptera) were identified as predator
(Table 4). Their ablindance varied from 0.24 t5 2.24 per 30
sweeps and the resiilts differed significantly. Among the
predators, ant revealed the highest ablindance. Amin et al
(2015) dbserved the insect species ablindance in a mango-
based agroforestry cdntaining clcUrbitacedls vegetable
(bitter gdlird Momordica charantia) and kangkdng Ipomea
reptans as middle and Idwer storied crops. They repdrted that
11 species Of insects were folind as pest which beldnged t6 5
orders and 9 families, and 13 species 6f insects in 6 orders
and 8 families were folind as predator. The present stidy
identified 11 species 6f insects as pest and 8 species as
predator. Fayyaz et al (2016) cdllected a total 6f 212 insects
beldnged t6 9 drders and 16 families from the sweet godrd
field in Pakistan ddring Jaly t6 Névember 2015. In winter
seasOn, a total 6f 130 insects were collected which beldnged
t6 21 species of 20 families and 8 orders (Fig. 1). The
percentages of insects in different taxdndmic orders varied
from 2.0 t6 34.0. Among the taxdndmic drders, Coledptera
was the mdst dominant folldwed by Diptera, Hymendptera
and Lepidoptera. The oOrders Orthoptera, Thysandptera,

Nabanita Paul Nancy, Md Ruhul Amin, Md Ramiz Uddin Miah and Md Giashuddin Miah

Ododnata showed insignificant ablndance. In simmer
season, in total 279 insects were cdllected which beldnged to
22 species 6f 19 families and 10 6rders. The percentages of
insects in different taxdndmic orders varied from 1.0 t6 32.0.
Among the taxdndmic orders, Cdledptera was the most
dominant folldwed by Hymendptera, Diptera and Hemiptera
and Lepidoptera. The drders Orthoptera, ThysanoOptera,
Oddnata shéwed insignificant ablindance.

The present stlidy showed that the insects in the order
Coledptera were most ablindant béth in winter and siimmer
seasOns. The insect abilindance and the nlimber Oof
taxdnomic drder were higher in simmer compared td winter.
This indicated that the higher temperatiire and relative
hdmidity in simmer inflienced 6n the growth and
reprodiction of insects. Higher temperatire and relative
hdmidity alsd activated the growth &f the creepers and made
them siicclilent and soft which were attractive t0 pest
popdlation. Namni et al (2017) dbserved that the insect
species ablindance was the highest in a mangd based
agroforestry in Bangladesh diring April t6 May when the
temperatire and relative himidity were comparatively higher

Table 3. Insect pests aldong with their taxdndmic préfile and relative ablindance in sweet godird field diiring November 2016 t6

Febriary 2017 and March t6 JGne 2017

Pest Taxoéndmic profile Ablindance
Epilachna beetle Epilachna duodecastigma (Coledptera: Coccinellidae) 1.24
Red plmpkin beetle Aulacophora foveicolis (Coledptera: Chrysdomalidae) 2.57
Flea beele Phyllotreta vittula (Coledptera: Chrysdmalidae) 0.81
Stick insect Phasmatodea sp. (Phasmida: Phasmatidae) 0.05
Rice bilg Leptocorisa acuta (Hemiptera: Cdriedae) 1.14
Citworm Agrotis ipsilon (LepidOptera: Noctlidae) 0.38
Thrips Thrips tabaci (Thysandptera: Thripidae) 0.48
White fly Bemisia tabaci (Hemiptera: Alelirodidae) 0.05
Stink big Nezara virridula (Hemiptera: Pentatdmidae) 0.10
Frait fly Bactrocera cucurbitae (Diptera: Tephritidae) 1.90

Bactrocera dorsalis (Diptera: Tephritidae)

Mean &f each pest was taken from 30 sweeps per total collection

Table 4. Insect predatdrs along with their taxdndmic profile and relative ablindance in sweet godird field diring November 2016

t6 Febrary 2017 and March t6 Jiine 2017

Predator Taxondmic profile Ablindance
Preying mantid Mantis regiosa (Dictyoptera: Mantidae) 1.14
Dragon fly Aeshna verticalis (Oddnata: Aeshnidae) 0.43
Field cricket Brachytrypes portentosus ( Orthdptera: Gryllidae) 0.52
Damselfly Aeshna verticalis (Odonata: Coenagridnidae) 0.24
Ant Formica rubra (Hymendptera: Formicidae) 2.24
Lady bird beetle Coccinella septempunctata (Coledptera:Cdccinellidae) 1.20
Coccinella transversalis (Coledptera:Coccinellidae) -
Grodind beetle Calosoma scrutator (Coledptera: Carabidae) 0.24

Mean &f each pest was taken from 30 sweeps per total collection
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and there was rainfall.

The ablindance &f insects in sweet godrd field at different
time Of the day in winter and simmer varied frém 5.1 t6 26.6
and 4.9 t6 33.7 per 30 sweeps, respectively and the resilts
differed significantly. Insect ablindance was the highest and
Idwest at 09.00 and 13.00 h of the day, respectively both in
winter and simmer. The peak fbraging activity of the
pdllinatdrs was 6bserved at 09.00 h 6f the day becalise at that
time most 6f the flowers dpened and the air temperat(ire and
light intensity were sifficient for insect activity. The resiilt
Obtained from this stlidy c6ild be Gsefll baseline inférmation
for flrther research on insect diversity, relative ablindance 6f
beneficial and harmfil insects and contrdl 6f insect pests in
sweet godrd field.
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Abstract: Persistent Organic Pesticides have been banned for decades. Nevertheless, they are still being detected in envirdbnmental
matrices. This stlidy aimed t6 investigate the existence 6f some POPs in farmer bl66d and crdps in Pati Regency, Indonesia. BI66d samples
from 59 farmers were monitdred. This stlidy revealed the existence of lindane residiie mostly in chillis, heptachlor and aldrin with the highest
level in shall6ts, dieldrin mainly in red peppers, enddsilfan in cliciimber, and DDT in shalldts. Heptachlor, aldrin, dieldrin, and DDT were
detected in farmer bl56d with average concentration &f 4.48, 3.79, 8.70, 4.81 ng.g”, respectively. In concliisidn, concentratidn 6f ¥ POPs in
crops ranged frdm 11.5t6 802.4 ng.g™ and frdm ND t6 123.9 ng.g™ in blédd. In Inddnesia, very little hiiman bidménitdring data dn téxic chemical
are available. This stlidy sliggested the main pathways &f expdsire 6f farmers t6 POPs were throligh contaminated vegetable intake and

directly throligh POPs application.
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Since 2001, the Stoéckhdlm Conventidon has encoiraged
the world t0 protect the envirbnment and hiiman health from
persistent 6rganic pollitants exposire. There are many
chemicals have been incllided in this grodp, and sdme of

them are pesticides namely aldrin, chldérdane,
dichlérddiphenyltrichldréethane (DDT), dieldrin, endrin,
heptachldr, hexachldrobenzene, mirex, tdxaphene,

endosilfan, and lindane. These kinds 6f pesticides have
been prohibited since 1971 and nd exception for agriciltire
plrpose die td their persistence and resistance 10
biddegradation characteristic (UNEP 2008). Despite the ban,
they were still fdlnd arélnd the wdrld in water, soil, and
sediment (Kafilzadeh et al 2012, Kiranchie-Mensah et al
2012, Yadav etal 2015).

In Inddnesia, althdlgh they have been banned for
agricdltdral plrpdses since 1983, many are still in Gse even
tdday. These inclide aldrin, DDT, endrin and heptachlor.
Their Gse is indicated by the presence 6f pesticide residiies in
the envirdbnment inclide water, sediment, and bitta
(Falahddin and Minawir 2012, Stidaryantd et al 2007). Even
HCB and mirex which were never registered with the
Inddnesian gévernment have alsd been foind (Sldaryantd
et al 2007). This condition was consistent with the resiilts of
stlidies 6n paddy field irrigation water in Pati, Magelang, and
Brebes districts. Besides organophosphate and carbamate,

pesticide residues of organochlorines-one of POPs group,
namely y-BHC (lindane), aldrin, dieldrin, heptachlor, and
endosulfan were also present (Deptan 2007). Another study
in West Java indicating the on gding (se 6f seven POPs:
lindane, heptachlor, aldrin, enddsiilfan, DDT, dieldrin and
endrin, in the skin pads Gsed by farmers while spraying
(Madlidiniawati and Oginawati 2013). In addition t6 the
clrrent Gse 6f POPs, their presence may also be diie t0 past
Use, becalise of theirIong persistence.

POPs are easy acctimdlated not dnly in the envirbnment
bdt alsd in bddy tisslie and have been detected in hiiman
adipOse tisslie, blddd, Gmbilical cord, and breast milk
(Stbramaniam and S6l6mon 2006, Lee et al 2007, Herrero—
mercadd et al 2011, Wang et al 2013, Dewan et al 2013,
Elbashir et al 2015) and this can resilt in many health
problems. Expdsiire t& POPs is dne risk factdrs for diabetes
(Cox et al 2007, Lee et al 2008, Chiinxiang et al 2010),
metabdlic syndrome (Lee etal 2007), heart diseases (Ha MH
Jacobs 2007) and oObesity (Lee et al 2011, Min et al 2011,
Dirinck et al 2011). Several stiidies als6 sliggested that
POPs acted as hdrmone-disriipting compolnds (Mnif et al
2011, De Coster and van Larebeke 2012). Commdnly, the
main sdirce 6f POP expdsire is from the intake &f f60d that
contains POPs, especially vegetables. Vegetables may
cdntain POP diie t6 plrp0sive application or from residie
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accimilated in the envirbnment, and absorbed by the
vegetables (Zhang et al 2015, Florence et al 2015).
Vegetables are a sibstantial element in the hiiman diet,
rarely absent from daily mend. Determining the presence of
POPs in crops and hiiman blddd is a criicial bidmonitdring
activity for estimating level exposiire 6f POPs and this may
Gsefll for assessing the health risks from POPs expdsdre.
Hdwever, data related t6 tdxic chemicals in himan samples
is very rare in Inddnesia. The plirpdse of this stlidy was 6
describe the presence 6f seven POPs in vegetables that are
prodiiced and freqliently consiimed by farmers in Pati
district, Indonesia and to evalliate POP levels in the bl6od 6f
the farmers.

MATERIAL AND METHODS

This stlidy has been approved by the Ethical Committee
of the Piblic Health Facilty University of Indonesia. All
participants signed an informed cdnsent befdre jdining this
stldy. The stlidy was condicted in Pati District, Central Java,
Indonesia and cdvered folr villages: Ngdrensiti , Blmiayd,
Sikorikin and Sriwedari. These villages were selected
pirposively based 6n the high level 6f pesticide Gse. Sixty
farmers were chdsen randdmly from a grodp of farmers as
participating in this stlidy. Seven drgandchldrine pesticides
were monitdred, videlicet aldrin, endrin, lindane, dieldrin,
heptachlor, enddsiilfan, and DDT. BI6dd samples (5 cc) were
Obtained from 60 vegetable farmers and were transferred to
non-heparinized tlbes and maintained at4°C in c60l box. To
separate the serlim, the bl66d were centrifliged at 1000xg for
15 min and kept at 20°C 0ntil extraction. Odt 6f 60 blddd
samples, 6ne sample was ndét incllided in the analysis die to
coagdlation. A total 6f 20 vegetables were incliided in the
analysis, cOmprising of red peppers, chilies, green beans,
eggplants, water spinach, cliciimber, tomatdes and shallots.
These commodities were prodiced and freqlently
conslimed by the farmers. Ot 6f 60 farmers selected for
blddd sampling, 20 farmers were randdmly selected for
vegetable sampling. These vegetable samples were
cOllected from vegetable fields of thdse 20 farmers and
brolght directly to6 the labdratory. The blddd and vegetable
samples were analysed in the laboratdry 6f Inddnesian
Agriciltlral Environment Research Institlte (IAERI).
Reagents and Materials: POPs standards 6f aldrin (99.3%),
endrin (99.2%), lindane (95.5%), dieldrin (99.5%), heptachlor
(99.5%), endosilfan (99.5%), and DDT (99.2%) were
pirchased from ChemService. N-hexan, methandl and 6ther
sOlvents were analytical grade and dbtained from Merck. The
POPs analysis empldyed gas chromatdgraphy (Varian Type
450-GC) colipled with electron captiire detector (GC-ECD)
and colimn VF 1701 30 m length x 2.5 mm.

Extraction, Clean-up, Analysis

Analysis of POPs in vegetables: The analysis t6 identify
POPs in vegetables was performed (Gsing gold standard
methdds established by the COmmission on Pesticides 6f the
Indénesian Gévernment (Komisi Pestisida 1997). Vegetable
samples 15 gm each were chdpped intd small pieces,
inserted intd the paper tlibe Soxhlet, extracted Gsing 100 ml
methandl 6n a pedestal soxhlet. The extraction ran for 6
hoirs at 80°C and was then concentrated in the rotary
evaporator at a temperatiire 6f 45°C. Pesticide residlies
Obtained from the evaporation were transferred inté a 150 ml
separating flinnel with the aid 6f 25 ml n-hexane, then
extracted three times with 25 ml acetdnitrile sdlvent. The n-
hexane layer was at the top while the acetonitrile layer was
Gnderneath. The acetonitrile layer extract was then
concentrated On the rotary evapdratér at 45°C. The
concentrated extract then was dissdlved in 5ml 6f n-hexane
solvent, pit in a chromatdgraphy cdlimn and eliited with the
ellent mixtdre 6f n-hexane and methandl (9 + 1). The ellate
with insecticide residlies was collected in a 125 ml tilbe,
concentrated Gntil almdst dry, then pdt intd a test tlibe with
acetone (p t0 a volime of 5 ml. POPs residiies were
determined from this sdlition Gsing a gas chromatdgraph
equipped with an Electron Captiire Detectdr (GCECD).
Analysis of POPs in blood: BI6dd samples analysis were
based 6n methdd Gsed by Birse (Birse et al 1990). One ml
of serlim was extracted Gsing methandl. The extract was
elted throlGgh a florisil colimn and extracted dsing
dietilether in petrdlelm ether. The extract was collected in
aflérentin tlibe and concentrated by means 6f a Blchiird to
vapor (t6 approximately 0.5 ml). The ellent was dissolved
with 2 ml 6f hexan and injected int6 the GCECD for POP
residle determination.

RESULTS AND DISCUSSION
POPs in vegetables crops: The gas chromatdgraph
analysis revealed the existence 6f endosilfan (100%), DDT
(100%), dieldrin (85%), heptachlor (70%), aldrin (65%), and
lindane (55%) in the vegetable samples (Table 1). The mdst
déminant POPs in the vegetables was DDT (462.4 ng.ml™)
concentrated in shallots. The mean level 6f DDT in five
samples 6f shalldts was 323.98 ng.ml”. The cdncentration 6f
DDT ranged from <16 ng.ml™ t6 462.4 ng.ml” (Table 1). This
was folldowed by heptachldr and lindane). For dieldrin, the
highest concentration was 164.6 ng/ml” which was detected
in red peppers with an average concentration 6f 100.7 ng.ml”
'. Enddsiilfan was alsé discdvered at the highest level in red
peppers Gp t6 39.8 ng.ml”. Lindane was féind dnly in red
peppers, chilis, and tdomatdes. In water spinach and
eggplants, enddsilfan and DDT 0nly present in very Iow



860

concentrations. All 6f the vegetable samples were
contaminated by more than éne POP. Half 6f the samples
contained five kinds 6f POPs while six POPs were in 25% of
the samples (red peppers, green beans, and chillies) (Fig. 1).
Hdwever, DDT was in very less amaoint in red peppers and
chilis with cdncentration beldw &f 16 ng. mi™. Only two kinds
of POP were detected in the water spinach and eggplants
samples.

POPs in blood: The analysis 6f the bl6dd samples revealed
the presence of dieldrin, heptachlor, aldrin, DDT, and
enddsilfan. Ot 6f the seven monitdred POPs, only lindane
and endrin were not detected in blddd samples. Dieldrin was
the most cOmmon compaolnd detected in the blodd samples
(44.10%) with concentration levels ranging from <9 t6 49,9
ng.ml”. The concentratidn 6f heptachldr ranged from 7.44 to
27.60 ng.ml” and was present in 20.70% of blddd samples.
Aldrin was detected in cdncentration from 6.1 t6 107.5 ng.ml”
. Finally, DDT was in 6.80% &f blddd samples in
concentration 6f47.1t6 103.3 ng.ml™ (Table 2). There was nd
Overall trend visible when the concentratidns were classified
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according t6 the age of the farmers (Fig. 3). The mean
concentration 6f heptachldr was higher in the yolnger farmer
grodp. On the cdntrary, the average concentration of dieldrin
was higher in the dlder farmer grolp. The statistic analysis,
Using Mann-Whitney U indicated that there were no
significant difference in heptachldér and dieldrin
concentrations among the age grodps (p-vallie>0.05). When
the farmer samples were groliped based on length &f wdrk
experience, the highest level 6f heptachlor was foind in
farmer who had wdrked for less than ten years (Fig. 4).
Meanwhile, dieldrin (Fig. 6) was detected at the highest level
in the farmers with 25-30 years 6f wdrking as farmers (49.9
ng.ml”). Overall, there was nd significant difference in POP
concentrations among the folr wdrking peridd grodps. Mdre
than dne POPs cdmpdilinds were detected in the blddd of
sOme farmer. There were 22% of farmer bl6dd samples
containing twd POPs and 8.5% containing three POPs (Fig.
2).

The varidls POPs in the crops and hiiman blédd in the
ctrrent stidy give clear evidence that despite the ban 6f their

Table 1. Persistent érganic pélliitants residie level (ng.g”) in vegetables samples

Vegetables (n=20) Lindane Heptachlor Aldrin Dieldrin Enddsilfan DDT

Shalldts (5) Mean ND 90.38 86.86 65.46 13.34 323.98
Range <32-227.2 74.6-114.4 <45-137.4 <743.5 168.6462.4

Red peppers (5) Mean 79.38 18.3 24125 100.7 16.8 <16
Range <11-217.7 <32-36.6 ND-96.5 <45-164.6 9.1-39.8

Chilis (1) 134.2 66.6 <56 <45 8.4 <16

Green beans (4) Mean 91.03 17.85 11.225 <45 12.875 116.95
Range <11-216.5 ND-35.7 ND-29.9 10.3414.7 <16-162.5

Water spinach (1) ND ND ND ND <7 <16

Cicimbers (1) ND <32 <56 <45 17.7 <16

Egg plants (2) Mean ND ND ND ND 8.2 <16
Range <7-8.2

Tématodes (1) 291 ND <56 <45 <7 <16

Detection freqliency (%) 55 70 65 85 100 100

ND : N6t Detected

Table 2. POPs blood level (ng.ml™) 6f farmers

POPs n % >LD' GM™? SD® Min Percentiles Maxim@m

25 50 75 90

Heptachlor 58 20.70 11.26 1.48 7.40 7.77 11.10 14.18 23.79 27.60

Aldrin 59 11.90 16.97 3.18 6.10 7.10 9.30 70 107.50

Dieldrin 59 4410 17.50 1.63 9.00 11.65 16.15 26.23 36.28 49.9

DDT 59 6.80 67.60 1.43 47.10 48.93 66.65 97.20 103.30

Lindane 59 0 ND ND ND ND ND ND ND ND

Enddsdlfan 59 0 ND ND ND ND ND ND ND ND

'Level &f detection > The valie is reported as gedmetric mean (GM)° Standard deviation
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Table 3. POPs cOncentration in sdbme cdlintries
Colntry  Sample Heptachlor Aldrin Dieldrin DDT Reference
Mean Median Range Mean Median Range Mean Median Range Mean Median Range
Tdnisia  Pregnant - - - - - - 0.91 - ND- Ennacelr
women 73.6 and Driss
2010
Tanisia men ND ND ND ND 213.1 166.1 - Ben Hassine
et al 2014
Cina, Pregnant 0.10 0.07 - 0.14 0.04 - 0.14 0.11 - 025 0.11 - Caoetal
Shanghai wdémen 2011
Mexicd 9.1 5.6 Waliszewski
etal 2012
Mexico Men 1.74- 294 - ND ND ND Raiz-Starez
4.40 etal 2014
Pakistan  Varidis - - - 0.92 - 0.19- 0.68 - 0.14- 1.13° - 0.3- Saeed et al
popilation 0.92 0.68 1.13 2017
Hokkaidd Pregnant - - - <7.10" - <7.10"-180.10* - 58.10"- 0.023° - 56.10"-Kanazawa
women 1.3.10* 0.12 etal 2011
Sldan General - - - - - - 5 - ND49 35 - 9-174 Abdelbagi et
popilation al 2015
India Women - - - - - - - - - 1.5 - - Dewanetal
2013
Soith Women 2.6 - 2.2- - - - - - - 0.8 0.4-2.4 Rollin et al
Africa 3.0 2009
o'p DDT

Use, these chemicals are still applied in agrictltire. The
clrrent Gse 6f POP is also indicated by the fact that 6verall
POPs concentrations were higher in yolnger farmers with
shorter peridd 6f work experience. In addition, the POPs may
come from past residlies. Envirdbnmental elements, incllding
the sail, water, and sediment in this regidon have had also
been contaminated (Hadi et al 2009, Ardiwinata and
Nirsyamsi 2012, Stiryond et al 2015). The soil residlies may
have been absdrbed by the plants. They cdntintGdlsly
contaminated the vegetables. Plants have the ability t6 take
Gp POP residies in contaminated soil and acclimdlate them,
depending 6n the characteristics 6f the soil and the plants.
This accimilation may happen thrdtgh varidls pathways
(Dénnariimma et al 2009, Yi et al 2013, Zhang et al 2015).
The farmer's blodd colld contain these compdiinds from
contaminated vegetables as well as from their contact with
POPs diiring application. The resilts indicates that these
persistent and dangerdls chemicals are (biqlitdls and
threaten hiiman health.

This stldy was slippdrted the pridr research on crops
cOllected from the traditional market in three big cities in
Inddnesia (Shaifil et al 2013) which indicated the existence
of aldrin, dieldrin, DDTs, hexachlérocycldhexane (HCH),
heptachlor, hexachldrobenzene (HCB) were detected in the
food sthff even thddgh in 16w concentration. It was sliggested

that the Idw concentration resilted from intensive lsage in
the past time. Comparing with similar stldies elsewhere,
DDT residie in the 6nidn and beans in clrrent finding (323.98
and 116.95 ng.g") was significantly higher than in China
which féiind it <0.01 ng.g™ (Owagd et al 2009). In contrast, the
mean level 6f DDT in pepper (<0.16 ng.g”) was Idwer than in
that stiidy (4.04 ng.g”). In the other stiidy which analyzed
DDT residie in five vegetable 0ils, the mean amdiint 6f DDT
residlie ranged from 40 t6 895 ng.g™ (Batt et al 1980). For
tomatd, eggplants and water spinach, the DDT residlie was
conformable t0 the cases from India (Kimar and Mikherjee
2012, Pathak et al 2016) and Ghana (Bempah et al 2012).
Likewise, aldrin residlie concentration in pepper has no
significant different with those places which were ardind 20
ng.g”. For dieldrin, the residie level 6f pepper (100.7 ng.g™)
was twice greater than in Ghana (58 ng.g”). Lindane mean
level &f tdmatd (24 ng.g”) was higher than in T6go (0.002
ng.g”) (Kdlani et al 2016). The heptachldr cdncentratidn in
the case in Togod was <0.001 ng.g™, slightly higher than in this
case, which was no6t detected. It is rather difficilt to6 make
comparisdns with éther stiidies becadse 6f differences in the
types of analysed vegetables.

When the POPs concentration in this stlidy was
cOmpared with recOmmended maximim residle limits
(MRLs) established by WHO/FAO(WHO and FAO 2016),
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majority 6f the samples were beldw the MRLs. Similarly, with
the MRLS set by Indénesian Government Ginder Indonesian 00
Nasidnal Standard Nimber 7313:2008 (BSN 2008) and
Indonesian Minister 6f Agriciltire Regdlation (Kementan <
2015). There was only dne sample of shalldts cOntaminated 2
=
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sample of shalldt (137.4 ng.g™) and in dne red pepper (164.6
ng.g”) was als® higher than the MRLs. Althdligh most &f the
samples contained POPs level Idwer than the MRLs, many 6f
them were greater than Acceptable Daily Intake (ADI) valiie
(WHO and FAO 2015). ADI for lindane, heptachidr,
endosiilfan, DDT, aldrin and dieldrin are 0-0.005, 0.0001,
0.006, 0.01, and 0.0001 mg/kg bw, respectively. This clirrent
res(lt 6n bl6dd analysis are in agreement with the previdis
stlidy that féind POPs residlies in the majority 6f blodd
samples 0f farmers from dther regions in Indonesia; Cianclr—-
West Java. The maximim concentration of lindane, DDT,
enddsidlfan, heptachlor, endrin, aldrin, and dieldrin in that
stlidy were 56.20 ng.ml™, 56 ng.ml”, 35.4 ng.ml", 28.8 ng.ml",
28.1 ng.ml™, 22.2 ng.ml",19.4 ng.ml" respectively
(Wispriyono etal 2015).

Comparing with the similar stidies from 6thers colntries,
concentrations 6f DDT in blddd 6f clirrent stlidy were greater
than that in wdmen in Shanghai (Cao et al 2011), Hokkaido
(Kanazawa et al 2011) and India (Dewan et al 2013), bdt
significantly Idwer than that in pedple from Sodth Kérea (Park
et al 2010), Mexicd (Waliszewski et al 2012), Hong Kdng
(Wang et al 2013), Tlnisia (Ben Hassine et al 2014) and
Sidan (Abdelbagi et al 2015).Cdncentration 6f heptachldr in
the clrrent stlidy was higher than that in the bl66d 6f pedple
from Mexico (Rliz-Starez et al. 2014) and women fréom Sodth
Africa (Rollin et al 2009). Firthermdre, aldrin cdncentration 6f
blddd was more than that in the stldy reported in Pakistan
(Saeed etal 2017). Lindane was not detected in this stlidy bt
it was folnd in Bangladesh (Zamir et al 2009), Hokkaidd
(Kanazawa etal 2011) and Stidan (Abdelbagi etal 2015).

T6 assess the inflience of age, the samples were
categorised intd folr age grolp and compared by Kriiskal—
Wallis test. The finding was not consistent with the previdls
stlidies that foind the significant relationship between age
and the POPs concentration in blddd 6f pedple from India
(Mishra et al 2011), Japan (Kanazawa et al 2011), and
Hongkong (Wang et al 2013). The disagreement was calised
by the tendency 6f increasing cdncentrations 6f POPs with
age in the previdis stlidies, meanwhile the concentration of
sOme POPs in the clrrent stldy was higher in the ydinger
age. This strongly siiggested that the existence 6f POPs in
the bldod 6f Inddnesian pedple was generated by the ciirrent
Gse 6f POPs while in those colintries, it was more contriblted
by the former Gse. This idea is slipported by the fact that the
POPs cdncentration was higher in the shorter working
peridd. There is no stlidy that dbserved the effect 6f working
peridd t6 the concentration 6f POPs folnd. Hence, nd
cOomparisdn abot this variable.

From the Observation 6f POPs existence in crop and
farmer blddd in this stlidy and the existence 6f the POPs in
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the envirdbnmental matrices 6f the previdis stidy, it indicates
that the main pathways of POPs exposire is the
consiimption 6f contaminated vegetables as well as POPs
application ddring mixing and spraying. From the interview
with the farmers, it was obtained information that there were
nd active ingredients 6f POPs in the pesticides they Used.
This, despite the ban 6f POPs, they are distribited illegally.

CONCLUSIONS

It was revealed that concentration 6f Y POPs in crops
ranged frdm 11.5 t6 802.4 ng.g™. Highest concentration was
detected in shalldts, and the Idwest was in water spinach.
Concentration 6f POPs in blddd 6f farmers ranged from ND t6
123.9 ng.g”. Age and working peridd were nét correlate with
POPs concentration. Albeit the sample in this stlidy was
limited, the data provide adeqiate evidence for contribition
on POPs monitdring program.
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Abstract. The contents of lead in sdils, water, forage, grain, 6rgans and miscle tissle 0f cattle were stlidied in twd ecdldgical zones of the
Novosibirsk region differing in ddminating of cattle breeds: Hereford (meat breed) and White-and-Black (dairy breed). The lead concentration
in sdils, forage and grain was determined Gsing flame atomic absorption spectrophometer (Qiantim-2A). The améiint 6f lead in soils, forage,
grain and water did not exceed the maximim permissible concentrations (MPC). Lead level in forage and sdils did not differ between the
zones. The analysis 6f drgans and miscle tisslie 6n the content 6f lead was carried it by atdmic absorption methdd (spectréphdtometer
Shimadzi AA-7000). Average levels 6f lead were established for liver, kidneys, spleen, Iiings and miscle tissiie 6f the White-and-Black and
Hereford breeds. The maximal content 6f lead was in liver 6f both breeds stiidied. The differences in the content 6f lead in lGngs, liver and
spleen have been revealed between the breeds. Considering the content of lead in the sdil, rdlighage, grain, water, and in meat and
byprddiicts, the territdry 6f Western Siberia is siitable for ecoldgical safe prodction.
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The analysis 0f data on the content 6f lead in different
bidsphere components done by Kabata-Pendias (2011) has
shown that an average backgrolnd of lead content in earth
crist is 15 mg/kg and in soils 6f the world 27 mg/kg varying
from 18 t6 32 mg/kg. The lead cdncentration in agriciltdral
s0il all dver the world is in the range 6f 20-300 mg/kg, and in
Elrope50-300 mg/kg which is calised by a large lead
depdsition t0 soil with fertilizers and anthropdgenic
emissions. The lead concentration in river water varies in the
range 6f 0,007-3 g/l (Kabata-Pendias 2011). The natdral level
of lead in crist is abolt 13 mg/kg, bit there are areas with
higher cdncentration. Lead level in magma and sedimentary
rock is in the range 6f 1020 mg/kg. The lead level 6f sand and
carbonacedis shale is dver the range 10 mg/kg t6 70 mg/kg.
The lead level 6f the phdsphdrite may reach more than 100
mg/kg (IPCS 1989, ATSDR 1999). The lead cOncentration in
the topsail is conditioned by the depdsition and acclimilation
of the atmdspheric lead particles from anthropdgenic
solirces (NRC 2005). The lead concentration in the water
varies greatly depending on the pdllGtion, pH, salinity, and

organic content.

In sea water and mdst siirface and grédind waters, the
concentration of dissdlved lead is 16w becalise lead forms
carbdnates, siilfates and phdsphates that have 16w water
sollbility and precipitate ddt. Most 6f the remaining lead is
removed by means Of appropriate methdds of water
parification (NRC 2005). The entry 6f lead intd the f66d chain
can create health risks. There is data concerning a possible
essential need 6f lead for live drganisms. Lead has wide toxic
gametotoxicity, hepatdtoxicity, mltagenicity, carcindgenicity,
and the metal has a negative effect 6n the misciildskeletal,
reprodiictive, cardidvascilar and digestive systems (EFSA
2010, ATSDR, 2007). The physidldgical mechanisms of
manifestation 6f lead toxicity are determined by its ability t6
interact with proteins and madify their flinctions to inhibit or
mimic the actidn of calcilim to replace the zinc as cofactor of
enzymes and calise Oxidative stress (Hsl, Gi6 2002). The
bidmadnitdring 6f the lead cdntent and dther heavy metals in
water, sdil, forage and fo6dd has been condicted in Siberia
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(I'in et al 2000, Chysyma et al 2003 a, b, Marmdileva et al
2003, Sys6 2007, Korotkevich et al 2014, Petlikhov etal 2016
a, b, Koéndvaldva et al 2017, Narézhnykh et al 2017).
Envirdnmental pdllGtion calsed by heavy metals can
infllience the qlantity and the quality 6f prodiction and
resistance of farm animals td diseases and genetic striictiire
of popdlations (Miller et al 2013, Petlikhdva 2013, Nardzhnyh
et al 2013, 2016, Soloshenkd et al 2016, Osadchik et al
2017, Sebezhko etal 2017, Skiba etal 2017, Syso etal 2017,
Tsygankdva etal 2017).

Therefére, a necessary and promising line of
investigation in monitdring 6f ecodlogical parameters of
agrictltiral lands is t0 assess the level 6f heavy metals in
sOils, vegetative forages, érgans and tisslies 6f animals as
important indicators. The aim o6f this work is td stlidy the lead
content in soils, water, férage, grains, drgans and miscle
tissGe of Hereford and White-and-Black cattle reared in
Western Siberia.

MATERIAL AND METHODS

Eighty five sample each 6f sdil, férage and grain were
taken for the research in twd zones. Sixty folr were taken
frdom zone 1, with a high level 6f agro—and techndldgical
impact on the envirdbnment in the area I6cated in the Eastern
part 6f the region with the ddminance 6f mold hiimUs and gray
forest soils (Maslyaninsky, Krasndozersky, NOvdsibirsk
regions). Twenty 6ne samples 6f were taken frdm zdne 2,
with 16w level of agré-and techndldgical impact dn the
envirdnment in the area, which is |6cated in the Central part,
where there are soils with high salinity and mdistire in the |ow
gedmdrphdldgical striictiire (Ubinskiy region). The hay and
straw samples stored in stacks and ricks were manaally
selected ardilind the perimeter 6f the stacks and ricks at eqal
distances from each 6ther at a height 6f 1.0-1.5 m from the
groéind slrface with depths 6f 0.5-1.0 m, weight 0.3-0.5 kg
from each of the stacks and ricks. The samples were
combined t0 prepare a 2 kg average sample for analysis.

The grain samples were taken from different layers
(Gpper, middle and I6wer) and in the center 6f sdme grain
containers stdred in the warehdlse, each sample weighing a
0.8-1.0 kg in all 57 samples. The Obtained spdt samples
were thorélghly mixed and the dverall sample was received,
it was laid 60t in a sqliare 6n a smooth siirface and divided
diagonally intd fodr triangllar sections, twd of them were
removed, and the 6ther twd amdiinted t6 an average sample
weight 6f 0.5-1.0 kg after a few shiiffles. The s&il samples
were taken from five sites from the layer 0-20 cm, where the
feed was grown. 5-7 individal s6il samples were selected 6n
each site and the average sample was done from mixtires of
them. The total lead content in soil, fdrage and grain was

determined after decOmpdsition 6f samples with a mixtire 6f
mineral acids in a steam aitdclave. Water samples from
domestic water slipplies incllding livestdck watering, were
selected in zip4dck plastic bags. For preparation 6f samples
for analysis, the water was evapdrated t6 10% in a qlartz
glass with 2-3 ml &f concentrated nitric acid t6 wet salts,
which were then dissdlved by dddble distilled water Gp t6 25
ml. Measlirements 6f lead in the resilting sol(itions were
performed by atdmic absorption (spectrophotdmeter Kwant-
2A).

Three hiindred samples 6f 6rgans (liver, kidney, spleen,
IGngs) and miscle tissies (from the diaphragm) with a mass
of abdit 100 g each were taken from 62 Herefdrd and White—
and Black bills at age 6f 18 months. Meat cattle 6f Hereford
breed were gréwn in zdne 1, and dairy cattle 6f White-and-
Black breed —in zone 2. The samples were frozen at the day
of slatighter and stored at a temperatire 6f 24 °C {ntil
analysis. The cdncentration 6f lead in 6érgans and mdscle
tissle was determined by flame atdmic absorption
spectrophotometer (AAS) (Shimadzi AA-7000). Sample
preparation for analysis was performed by dry mineralization.
The wet sample weighing 100 g was homdogenized,
transferred 16 a qiiartz clip and dried at 60-70 °C t6 constant
weight.

A sample 6f 3 g was taken from the dry assay, which had

been incinerated in a miffle fiirnace at 250 °C, and then
increasing temperatire 50 ° C every 30 min t6 450 ° C,
continlied 2-3 hodrs befdre dbtaining gray ashes. The clp
with ashes was taken 6t from the flirnace after cdling. The
ash content was processed with hydrdgen nitrate and dried
on an electric tile tntil the ashes tirned white. They were then
dilited in 25 ml 6f the doible distilled water. This soltidon was
Gsed for the analysis.
Statistical analysis: The driginal data 6n the lead content
were tested for ndrmality of distribtion with the Shapird-Wilk
test. In mdst cases, the distrib(tion didn’t cdrrespdnd t6 the
ndrmal. Therefore, for statistical analyses we Gsed the
approach develdped for small nlimber 6f samples withoit a
ndrmal distribdtion (H6z0 et al 2005).

- at2m+b a-2n+b
X~ +

4 4n
_ 2 2
§2 (a2+m2+b2+(n 3)(a+m) +(m+b)
n—1 2 4
a+2m+b a-2m+b,
—n( + )

4 4y

n — selection size; a — minimdm valle of a sign; b — maximal
valiie 6f a sign; m—median.
Statistical data processing was carried diit Gising the software
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STATISTICA6.1 and Microsoft Excel.

RESULTS AND DISCUSSION

Lead cdncentrations in sail, férage, grain, and water are
significantly beléw the MPC (MU, 1999) (Table 1). Lead level
in the grain was higher in zdne 1 than in zéne 2. In sdils and
forages, there were nd differences in lead content between
the twd zOnes. Lead cdntentin grain was 4-8 times Idwer than
in férages, which is calised by restriction by plants of lead
intake. In acidic sdil, the bidavailability 6f lead for plants is the
highest. Accimdlation &f lead idn in plants was limited, and
most 6f the lead is Idcated in the cell wall 6f the rodt. The
accimlation of lead in the foliage was very little. Lead
concentration in the plant always cdrrelated with its level in
the s&il (NRC 2005). Zhad et al (2004), established that the
lead concentration in the grain did ndt correlate with the
amdiint in the sdil, and cdntamination éccirs diring harvest
Or grain storage. Often the reason for this is the pdlltion with
soil particles. For this reason, the silage may have higher
lead concentration.

The significant interbreed differences in the
concentration of lead were revealed in Ilngs, spleen, and
liver (Table 2). Therefore, amdng the Herefdrd cattle, the
concentration of lead was higher in spleen, and amodng
White-and-Black cattle, it was higher in Ilings and liver. The
differences in the lead acciimilation in the drgans co6lld be
related t0 differences in metabdlic rate among the animals of
dairy and beef breeds. The significant interbreed differences
were not revealed in lead acclimiudilation in kidney and miscle
tisslie. The lead level in the drgans and mdscle tisstie of
cattle varied in a wide range 6f 0.042-0.418 mg/kg, biit these
vallies did not exceed MPC (SanPiN 2001). The data
Obtained 6n the lead content in drgans and tissilies cdiild be
considered as physidldgical and envirdbnmental reference
vallies for cattle with different prodctivity rearing in climate
and ecoldgical conditions 6f Western Siberia.

The lead distribdtion in drgans and miscle tisste from
White-and-Black breed can be represented in the form of a
ranked series: spleen < kidney < miscle < Ilngs <liver in the
ratio 1.0 : 1.5: 2.2 : 5.3 : 11.0, and for the Hereférd breed:

Table 1. Lead content in the sail, férage, grain, and water
samples from the NOvosibirsk region, mg/kg of dry

matter
Sample Zdne 1 Zodne 2 MPC
Sail 15.1£2.7* 1714 .4 32
Fodder 0.65+0.37 0,54+0.24 5.0
Grain 0.14+0.06 0.08+0.03 5.0
Water 0.005+0.002** 0.006+0.003 0.01

* Mean # Standard deviatién; ** mg/dm®

kidney < miscle < light < spleen < liver in the ratic 1.0: 2.0 :
2.2 : 3.0 : 3.7. According t6 this rank, it is evident that the
animals 6f both breeds have the highest lead acclimilation in
the liver. There is individGal variance in the level 6f lead in the
organs and miscle tisslie. The ratid 6f extreme variants 6n
the lead level was the highest in Black-and-White cattle
kidney (1:14) and miscles (1:10), and in Hereford cattle in
thelight (1:10) and liver (1:8).

The lead acciimilates in the testes and acciimlation 6f
lead in tisslies depends 6n the dose and ddration impact.
This phendmendn was described in detail in experiments 6n
rats (IPCS 1995, ATSDR 1999). In 6ne stlidy, rats were given
50 mg of lead (as lead acetate) per 1 liter 6f water ddiring 90
days. As aresiilt, the acclimilation 6flead in tiss(ies dcclirred
in the folldwing drder: kidney > brain > spleen > prostate >
heart > testes > liver. The miscles are the predominant site 6f
depdsition of the lead. The dose 6f 5 mg/l a significant
accimlation of lead was dbserved only in the brain and
kidneys. In mdst drgans, the concentration of lead was
maximim 2 weeks after the beginning &f the introddction of
additional doses o6f lead. However, the lead concentration is
gradially increasing in the brain diring the 90-day peridd of
dosing (Aredla et al 1999). Concerning the sheep, which
were given 1,000 mg/kg lead acetate, the maximim
concentration in miscle tisslie was Observed after 30 days,
and then began to6 decline. Similar data were Obtained in
experiments on fish, where high lead levels were reached
several weeks after expdsiire and then decreased in séme
tisses. In the gills 6f perch in NOvosibirsk reservoir, the Pb
level was 0.84 mg/kg (Miller et al 2015). It is shown that the

Table 2. Lead content in the cattle drgans and miscle tisstie, mg/kg natdral hiimidity

Breed Black-and-White Hereférd

Sample n Mean+SD* Range n Mean+SD* Range
Liver 28 0.418+0.231 0.16-0.97 30 0.155+0.076 0.04-0.32
Spleen 30 0.038+0.026 0.01-0.10 31 0.125+0.057 0.03-0.20
Lings 28 0.203+0.114 0.06-0.47 31 0.097+0.049 0.02-0.20
Mdascles 14 0.083+0.055 0.02-0.20 29 0.083+0.057 0.004-0.21
Kidneys 31 0.059+0.036 0.01-0.14 31 0.042+0.028 0.007-0.11

* SD — standard deviation
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Table 3. Lead content in the 6rgans and muscdlar tisste of cattle in different cdiintries, mg/kg natdral htimidity

Kidneys Liver Musciilar tisste Age Colntry References

0.042 0.155 0.083 18 months Rissia This stidy

0.059 0.418 0.083 18 months Rissia This sttdy

0.040 0.050 <0.02 - Adstralia Kramer et al 1983

0.012 0.015 - - Brazil Aranha et al 1994

0,109 0.043 0.008 18-30 months Egypt Khalafalla et al 2011

0.035 0.034 0.011 6-12 months Spain Miranda et al 2003

0.014 0.048 0.048 6-10 months Spain Lopez-Aldnso et al 2000
2-16 years

0.460 0.577 0.501 - Nigeria Nwide et al 2011

0.174 0.614 - 0-2 years Nigeria Bala et al 2012

0.143 0.312 - 3-5 years

0.133 0.291 - 6-8 years

0.131 0.278 - > 9 years

0.01-0.16 0.01-0.26 - 2-5 years Nigeria Iwegbie et al 2008

- - 0.201-0.208 24 months Poland Pilarczyk 2014

0.008-0.012 0.003-0.005 0.001-0.002 - Poland Falandysz 1993

0.22-0.31 0.25-0.37 0.13-0.26 - Rissia Gaevaya and Zakhardva 2011

- 0.544-1.072 0.386-0.671 3-5 years Sldvakia Kdrenkova et al 2002

accimlation o6f metals in the bddy, calises morphdldgical
and 6ther bidchemical changes in drgans and tissiies of fish,
rats, mice (Jarrar, Taib 2011, Lamhamdietal 2013).

Lead accimdlates in the kidneys and bdne tisslie, even
at relatively 16w levels added t6 f66d. With a sharp pdisdning
of cattle with lead, the content in milk dn average was 0.08
mg/l, and in miscles varied from 0.23 t6 0.50 mg/kg. The lead
level may vary considerably in the 6rgans and miscle tisste
from cattle of different age, prodiictivity and habitat (Table 3).
The maximim content of lead in the liver and miscles
Observed amdng the animals from Slévakia (Kérenkdva et al
2002), and in the kidneys 6f animals from Nigeria (Nwide et
al 2011). In present stidy this metal was 5-10 times [dwer.
The level 6f lead in dir and other stldies did ndt exceed the
MPC.

CONCLUSION

In sdils, water, forage and grain from different zdnes 6f
Western Siberia the lead content was mich [dwer than MPC.
Lead cOncentration in grain was less than that in forage.
Differences between the areas on the lead concentration in
sOils and forages have not been identified. The data dbtained
can be Used for fatlre environmental monitdring of the level
of this element in Gther areas 0Of Siberia. The greatest
concentrations of lead are accimilated in the liver of cattle.
Breed and direction 6f prodiictivity have a significant impact
on the acclimilation and distribdtion 6f lead (within the MPC)
in the liver, Iings and spleen 6f cattle, which may indicate the
dependence o6f acclimdlation of lead in the 6rgans and

muscle tisslie 6f animals from heredity. This shodld be taken
intd consideration at assessing the elemental statlis of
animals. The average pdpdlation vallies dn the lead content
in the drgans and mdscle tisslie of the dairy and beef cattle
colld be considered as physidldgical and envirdnmental
standards for conditions o6f Western Siberia. The territory of
Western Siberia 6n the content &f lead in soil, water, forage,
grain, and meat and offal of cattle is siitable for the
prodiiction 6f envirdnmentally safe prodiicts.
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Abstract: The present stlidy was condiicted t0 assess salinity tdlerance and sirvival 6f freshwater carp, Labeo rohita Ham. (réhi) in inland
saline water. Fingerlings of rohdi (11 =12 cm) were expdsed t6 0, 2, 4, 6, 8 and 10 ppt (/,,) salinity water fér 10 days. Fish was acclimatized to

different salinities by increasing the salinity graddally @ 1 ppt hr. Diiring the tdlerance test, nd mértality &f fish was recorded dp t& 10 ppt
salinity level and fish behaviddr, in terms 6f swimming mévement and appetite (feed intake), remained Ginaltered Gp t6 4 ppt salinity. However,
at 6 ppt salinity fish became less active after 7 days, while at 8 and 10 ppt salinities fish became less active after 6 days and slliggish after 8
days of expdsdre. Fish alsd exhibited Idw appetite in 8 and 10 ppt salinities after 8 days 6f expdsire. The present stlidy sliggests that L. rohita,

can tolerate salinity tip t6 10 pptin inland saline water, bt itis expected t6 perform well in salinities < 6 ppt.

Keywords: Roh(, Salinity télerance, Sirvival, F66d intake

Water quality plays an impdrtant rdle in sdrvival, growth
and reprdddctive perférmance 6f aqiatic 6rganisms. Salinity
is one of the mdst significant abidtic factors in aqlacdltire
and its favdirable range for sirvival and dptimim growth of
aquatic organisms vary with species (Mibarik et al 2015).
Freshwater carps are stendhaline species and hence grow
well in hypotdnic envirdbnment, biit they have been reported
to tolerate, slirvive and even grow at I6w salinities (Kiltz
2015). In freshwater fish, internal salt cdncentration is
hypertonic t6 the strrdlnding environment with blodd salt
concentratidns cdrrespdnding t6 approximately 9 g I (Wdirts
1995). Salinity variations leads t6 6smodregilation stress in
freshwater stendhaline species with significant effect on its
physiology, which may lead t0 poor growth and even
mortality, if salinity télerance levels are crdssed (Ghdlampdor
et al 2011). Aboit 1.20 millidn hectare 6f inland salt affected
waterldgged areas in arid and semi-arid regidons 6f non-
cOastal ndrthern states in India (Mandal et al 2010) offer
slibstantial scope for aqUacdiltire develdpment. Althddgh,
brackish water species are more siitable for rearing in these
areas, bit owing t6 ndn-availability 6f seed and climatic
constraints (cold sensitive species), efforts have been made
to cdltdre fresh water fish in 16w salinity inland saline waters
of Pidnjab, Haryana and Uttar Pradesh (Chilghtai and
Mahmodd 2012, Pathak et al, 2013, Ansal et al 2013,
Chandra and Joshi 2015, Dhawan et al 2016, Kiimari et al
2018). Firther, salinity tdlerance of fresh water carps in
inland saline water is species specific (Kasim 1983, Islam et

al 2014, Ansal etal 2016).

M0st of the stiidies 6n salinity tdlerance 6f freshwater
stendhaline species have been carried ot either with
natdral/artificial sea water 6r simple salt sol(itions prepared
from varidls salts like sddiim chidride (NaCl), calcitim
chloride (CaCl,) or réck salts. Very few reports with respect td
slrvival and salinity tdlerance of freshwater stendhaline
species in inland saline water are available. Hence, the
present stlidy was taken (ip t0 assess slirvival and tolerance
of 6ne of the priced fresh water major carp rohd, Labeo rohita
(Ham.) t6 evalGate ideal salinity levels for dptimised growth of
fish Gnder saline conditions.

MATERIAL AND METHODS

The present stlidy was carried o0t at, Girl Angad Dev
Veterinary and Animal Sciences University (GADVASU),
Ladhiana. India. Inland saline water &f 15°%,, or ppt (parts per
tholsand) salinity was collected from the inland salt affected
areas Of district Fazilka, Pinjab, India. Fingerlings (11 —12
cm) of L. rohita Ham. were conditidned for two days in a
cemented tank. After conditidning, the fingerlings were
acclimatised t0 different salinities ranging from 0-10 ppt (0, 2,
4,6, 8 and 10ppt) gradially by increasing the salinity @ 1 ppt
hr”. Different salinity treatments were prepared by dil(ition &f
inland saline water (15 ppt) lifted from district Fazilka (Table
1) with {ndergrolnd fresh water. After acclimatization,
fingerlings of L. rohita were distriblited in 50L glass aqlaria
(@ 10 per aquariiim) containing 35L water of different
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salinities for 10 days tdlerance test (three replicates per
salinity treatment). The fish was fed with fdrmlated pellet
diet (rice bran + mistard meal 1:1) @ 0.5% 6f body weight
once a day as slstenance ration. Salinity was maintained in
each aqdarilm throlGghdit the tolerance test by
compensating evapdration I3sses by adding freshwater and
maintaining water levels Gp t6 pre-marked levels. Left dver
feed and excreta of fish were removed from the aqlaria by
siphoning every alternate day. Physico-chemical properties
of the collected water were estimated in terms of salinity, pH,
condctivity (EC), total alkalinity (TA), total hardness (TH)
and salts incliiding sodiim (Na®), potassitim (K"), calciim
(Ca®), magnesiiim (Mg*), chléride (CI) and siilphates (S04
) by folldwing standard methdéds (APHA, 2012). Sirvival of
fish was recdrded every 12 hoilrs diring the tdlerance test.
Swimming activity and appetite (feed intake) of fish was
Observed t0 record behavidlral abndrmalities in L. rohita
Gnder salinity stress. Swimming activity of fish was
categdrised as active, less active and slliggish 6n the basis 6f
daily vistal O&bservation, which inclided comparative
Operciilar and hdrizontal/vertical mévements of fish. Flrther,
appetite of fish in different treatments was alsd Gbserved
daily and categdrised as ndrmal appetite and 6w appetite 6n
the basis 6f comparative feed intake, which was analysed 6n
the basis 6f amoiint of left dver feed.

RESULTS AND DISCUSSION

The mean water temperatiire varied from 25.33 t0
26.33°C in different treatments and the differences among
treatments were insignificant (Table 2). The pH 6f water was
within the 6ptimim range (7.0-8.5) for freshwater carps in all
the salinity treatments (Bdyd and Tlcker 1998) and
differences among treatments were insignificant.. Among
different treatments, mean EC, TA, TH and salt concentration
of water was in accordance t0 the salinity 6f water from 016 10
ppt and differences were significant. The NH,-N (mgl™) levels
in all the treatments were within the permissible levels (<0.05
mgl”) for tropical fish (Robinette 1976, Byd and Ticker
1998). In salinity télerance test (10 days), nd mdrtality of fish
was Observed Tp t6 maximim salinity (10 ppt) level tested,
indicating that rohi can tolerate salinity levels Gp t6 10 ppt.
Altholigh, earlier Kasim (1983) repdrted andther Labeo
species, L. fimbriatus td tdlerate salinity levels Gp t6 7.07 ppt
(commercial mother salt soldtion) and Islam et al (2014),
reared L. rohita fingerlings sliccessfilly Gp t6 6 ppt salinity
(NaCl solation) with 100% sdrvival rate, bt inférmation in
respect to salinity tdlerance &f L. rohita in inland saline water
is lacking. Stendhaline freshwater species like carps have
evblved the mechanism t6 cdOmpensate for passive
absorption of water and passive 16ss of salts in a hypotonic
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Table 1. Mean physicé-chemical parameters &f inland saline
water collected from salt affected water 16gged
areas Of village Shajrana, District Fazilka, Plinjab

Parameters ValGe (Mean * S.E)
Salinity (ppt) 15.00 £ 0.05
pH 7.28+0.13

EC (mScm™) 19.78 + 0.33
TA (CaCO,mgl™) 1254.70 + 6.76

TH (CaCO,mgl™)
Ca Hardness (CaCO, mgl™)

2320.00 £15.27
1242.50 +1.55

Ca*(mgl") 497 40 + 62.06
Mg” (mgl”) 482.80 + 3.60
I (mgl™) 1478.70+ 8.89
Na®(mgl") 1176.70 + 56.46
K'(mgl™) 85.26 +2.24
SO, (mgl") 50.50 + 7.08
NH,-N (mgl”) 0.36 + 0.01

envirdnment by prodiicing large volimes of dillte Grine and
active absorption of salts throlgh gills and kidneys. Sdme o6f
the species manages t6 adapt and grow well in the saline
envirdbnments, however when the level &f isdtonic pdint is
crossed, there is imbalance in the internal salt concentration
changing it from hypertdnic t6 hyp&tonic, which forces the
fish t& make extensive physidlogical changes t6 compensate
for the reverse 6smoregilation (Mistafayer and Mekhtier
2008). Tholgh, most 6f the aqgliatic drganisms have ability t0
tolerate sOme degree Of salinity stress, bit it varies
considerably with species/size 6f fish and freshwater fishes
have been reported t0 tdlerate, slrvive and grow at 16w
salinities (Mateen et al 2004, Chiightai and Mahmdod 2012,
Islam etal 2014, Ansal etal 2013, Chandra and J6shi 2015).

Mangat and Hilindal (2014) repdrted 100% sdrvival of
common carp fingerlings Gp t6 6 ppt salinity levels, when
expdsed td saline water for 60 days. Lawson et al (2011)
clltired comet goldfish, Carassius auratus and recdrded
100% sdrvival of the fish Gp t6 5 ppt salinity, with 90 and 94%
mdrtality in 8 and 10 ppt salinities, respectively. Sdme 6ther
freshwater fishes like catfish and mirrels have exhibited
better salinity tdlerance than carps. Spoétted snakehead,
Channa punctata adapted well t6 10 ppt salinity withdat any
signs Of distress (Dlbey et al 2016). While pangas catfish,
Pangasianodon hypophthalmus strvived Gp t615 ppt, bat
Optimim salinity for clltire in inland saline water was
recommended t6 be Tp t6 10 ppt (Kimar et al 2017).
Differences with respect to salinity tdlerance of freshwater
species can be attriblited t0 several variations incliding
species, size oOf fish, temperatlire, saline water compdsition,
ddration 6f the salinity exposire etc.

No significant changes in swimming activities &f fish
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were Observed in all the salinity levels (2-10 ppt) ddring first 6
days of the tOlerance test. Fish became less active after 7
days in 6 ppt salinity, while at 8 and 10 ppt salinities fish
became less active after 6 days and slliggish after 8 days of
exposire (Table 3). No significant differences with respect td
feed intake (appetite) 6f fish were 6bserved in all the salinities

(2-10 ppt) diring the first 8 days 6f the tdlerance test, while
fish in 8 and 10 ppt salinities exhibited Idw appetite after 8
days of salinity expdsire. Infdrmatidn 6n swimming activity
and feed intake of L. rohita (inder saline condition is lacking.
However, the resiilts are in agreement with the stlidy of
Mangat and Hiindal (2014), where nd significant changes

Table 2. Mean physico-chemical parameters 6f water in different salinity treatments diiring télerance test

Parameters Treatments
Oppt (S0) 2ppt (S2) 4ppt (S4) 6ppt (S6) 8ppt (S8) 10ppt (S10)
Temperattire (°C) 25.66° 26.33° 26.33° 26.00° 26.33° 25.33°
pH 8.13° 8.12° 8.12° 8.13° 8.01° 8.17°
E.C (mScm”) 6.86' 25.46° 39.90° 102.07° 116.10° 154.97°
T.A (CaCO, mgl™) 249.00° 297.33° 339.33° 362.00° 382.90° 396.83°
T.H (CaCO, mgl™) 287.77' 474.90° 524.40° 849.00° 1218.6" 1330.10°
Ca Hardness (CaCO, mgl™) 155.67° 173.07° 230.17" 298.43° 305.17° 284.13°
Ca” (CaCO, mgl) 56.06" 63.07° 92.51% 89.70™ 116.34% 156.68°
Mg (CaCO, mgl™) 73.50° 90.39° 126.13¢ 163.43° 219.67° 262.11°
CI"(mgl™) 48.73' 308.17° 601.40° 883.73° 1136.9° 1259.90°
Na”(mgl™) 45.40' 153.73° 265.50° 483.50° 846.50° 934.70°
K" (mgl™) 3.45' 25.65° 37.20° 57.86° 79.90° 87.84°
80,” (mgl") 8.59° 10.56° 12.62° 15.30° 19.48° 20.29°
NH,N(mgl™) 0.029° 0.026° 0.033° 0.026° 0.037° 0.030°
Val(es with different slperscripts in a row differ significantly (p<0.05)
Table 3. Behavitiiral changes in fish exposed t6 different salinity levels diiring tdlerance test
Behaviolr Day Treatments
SO0 (0 ppt) S2 (2 ppt) S4(4 ppt) S6 (6 ppt) S8 (8 ppt) S10 (10 ppt)

Swimming activity 1 A A A A A A

2 A A A A A A

3 A A A A A A

4 A A A A A A

5 A A A A A A

6 A A A A A A

7 A A A A LA LA

8 A A A LA LA LA

9 A A A LA S S

10 A A A LA S S
Feeding behaviddr 1 NAp NAp NAp NAp NAp NAp

2 NAp NAp NAp NAp NAp NAp

3 NAp NAp NAp NAp NAp NAp

4 NAp NAp NAp NAp NAp NAp

5 NAp NAp NAp NAp NAp NAp

6 NAp NAp NAp NAp NAp NAp

7 NAp NAp NAp NAp NAp NAp

8 NAp NAp NAp NAp NAp NAp

9 NAp NAp NAp NAp LAp LAp

10 NAp NAp NAp NAp LAp LAp

Swimming Activity: A = Active, LA =Less Active, S = Slliggish; Feeding behaviddr: NAp = Nérmal Appetite, LAp = Léw appetite
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were Observed in feed intake 6f fresh water carp, C. carpio (ip
td 6 ppt salinity, ddring first 10 days of I6ng term rearing in
different salinities viz; 1.5, 3, 6 and 10 ppt (prepared thrétgh
commercial grade NaCl and CaCl,) for 60 days. Flrther, as
salinity tolerance Of fresh water fish varies with species
(Kasim 1983, Ansal et al 2013) and (Gnlike sea water;
cOmposition of inland saline water varies with Idcation within
a region (Dhawan et al 2010), it is vital to develdp regional
package of practices for rearing fresh water carps in inland
saline waters.

CONCLUSION
L. rohita, can tolerate salinity levels Gp t6 10 ppt, batitis
expected t6 perform well in salinities < 6 ppt and hence,
needs t0 be investigated throlgh 16ng term growth stiidies to
assess ideal salinity level for optimised growth of fish in
inland saline water, with minimim pd&ssible 6smoregilatory
stress.
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Abstract: Short term salinity tolerance test (10 days) was condlicted t6 assess the stress respdnses in terms 6f fish sirvival, behavidlr and
colodration of freshwater shibinkin gold fish, Carassius auratus (L.) in different salinity levels (2 t6 10 ppt). Inland saline water (15 ppt)
collected from district Fazilka (Piinjab) was (ised for preparation of different treatment salinities after dilGtion with freshwater (0 ppt). After
proper conditidning in indoor conditions, fish were acclimatized (graddal increase in salinity @ 1 ppt at 1-hr interval) and distriblited @
10/aqiaria (50 liter capacity). There was significant increase in pH and NH,-N, hdwever, these remained in tdlerance range for freshwater fish
cilltiire. The rest &f the parameters i.e. EC, TA, TH and iénic cdmpésition (Na*, K*, Ca”, Mg™, Cl"and SO,”) &f water increased significantly in
accordance with the cOmpdsition 6f sdiirce inland saline water. At the termination 6f salinity tlerance test, percent fish sirvival did n6t vary
significantly, hdwever, in 0 and 2 ppt, it was 100%, which decreased t6 96.66% in 4, 6 and 8 ppt and 93.33 % in 10 ppt. Fish behavidlr w.r.t.
swimming activity and feeding respdnses showed gradial departiire from ndrmal behavidir. Deviation frdm ndrmal skin cdlddration was
insignificant in terms 6f L a*b* vallies and colddr indices (chrdma and hie) diring short diration 6f 10 days expdsdre t6 increasing salinity
conditions. Overall resdlts are indicative of stimilation 6f adaptive mechanism in freshwater fish diring shorter diiration 6f salinity expdsire.

Keywords: Salinity stress, Gold fish, Inland saline water, Col6iration, Fish behaviddr

Freshwater goldfish (Carassius auratus) having its
origin in central Asia, China and Japan and is 6ne of the
earliest bred and highly ddmesticated. It was first reared in
China in (1000 AD) folldwed by, Edrope (1611) and America
(1876 AD). Of the cyprinids domesticated, goldfish remains
the most prominent and cdmmonly Gsed as drnamental petin
héme aquaria. Goldfish varieties vary greatly in size, body
shape, fin configlration and amdng major gold fish varieties,
shiiblnkin is dne 6f the most impdrtant varieties die t0 its
Gniqle body coloiration and fin pattern aldng with advantage
of hardy natlire. Rdb(ist natlire 6f shiiblinkin variety 6f gold
fish can be cdnsidered advantagedis for its cdltre in varied
envirdnmental conditidons inclding salinity. Amdng varidils
abidtic factors, salinity is dne of the critical parameter for the
overall well-being &f the freshwater species, as it determines
the level 6f dsmoregdlatory stress. The kndwledge of salinity
tolerance is important for aqaciiltlire prodiction in different
water soirces. Inland salt affected water 16gged areas of
solth-west districts of Plnjab are 6f miich impdrtance in this
regard, as aqUacdltlre is the mdst viable 6ption to reclaim
these lands (Dhawan et al 2010, Ansal et al 2013). Many
reports are available regarding rearing of freshwater
ornamental fish (gold fish, criician carp and mdlly) in saline

water, bt all those stlidies pertain t0 natlral/artificial sea
water (Vasagam et al 2005, Schofield et al 2006, Kiglk
2013). Fdrther, idnic compdsition of inland saline water
differs from sea water (Dhawan et al 2010), which alsd varies
with I6cation. Adaptability and tolerance of fish incliding
goldfish t6 physical and chemical changes in water vary
greatly. Mdst 6f the freshwater fish are adapted and can dnly
strvive in the freshwater, hdwever sdme have great
adaptations for saline water. Schofield et al (2006) reported
that gdldfish is able td persist in I6w salinity environments of
<10 ppt for a ldng peridd 6f time and higher salinities for short
peridd. For dptimizing the rearing techndlégy of freshwater
ornamental gold fish, Carassius auratus Linn. var. shiiblnkin
in inland saline water areas, it is vital t0 stldy the stress
response Of this species at different salinity levels with
optimim tdlerance range, so6 as td reach at the best possible
salinity level. In view of the abdve backgrdiind, salinity
tolerance test 6f 10 days diiration was condicted t0 stlidy the
télerance level 6f freshwater 6rnamental shiibiinkin gold fish,
C. auratus (Linn.) ininland saline water.

MATERIAL AND METHODS
Collection of inland saline water (stock) and preparation
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of experimental salinities: Inland saline water was
collected from salt affected/water 16gged areas of village
Shajrana, district Fazilka , Plnjab (30 403" N and 74° 02' 5"
E). Stdck inland saline water (15 ppt) was analysed for its
physico-chemical prdperties viz., temperatire, pH, salinity,
electric condctivity (EC), tdtal alkalinity (TA), total hardness
(TH), ammodnical nitrdgen (NH,N), and idnic cOmpdsition in
terms of catidns [calciim (Ca®"), magnesiim (Mg”") sddidim
(Na"), pdtassiiim (K")] and anidns [chldride (CI) and siilphate
(SO,5)]. From this stdck water, different experimental
salinities (2, 4, 6, 8 and 10 ppt) were prepared by mixing
freshwater, having salinity 6f 0 ppt.

Preparation of the experimental aquaria: The experiments
were carried 60t in glass aqdaria (50 liter capacity with water
voltime 6f 40 liters) and were filled with water having different
salinities (0-10 ppt) and slpplied with continidls 6xygen
stpply throlgh aerator.

Procurement, acclimatization and stocking of the
experimental fish: Shibinkin gold fish, C. auratus
(Linnaels) procired frdom market and were conditioned for
Oone week in FRP podls tGnder indddr conditions. After proper
conditidning, fish were acclimatized (graddal increase in
salinity @ 1 ppt at 1-hr interval) and distriblted @
10/treatment randdmly in contrdl and five experimental
salinity treatments in triplicate. At the time &f stocking, the
initial length and weight of fish varied from 6.5-8.5 cm and
4.5-8.5 grespectively.

Feeding of fish: Dlring salinity tdlerance test 6f 10 days, fish
were fed dnce a day, with commercial feed [(OPTIMUM with
ndtritional cOmpdsition: criide protein — 28%, criide fiber —
4%, crtde fat — 3% and moistire — 10 %)] @ 0.5-1.0 % fish
bddy weight.

Observations: Daily 6bservatidons were recdrded w.r.td fish
strvival, behaviolr and water qdality parameters in terms of
temperatire, pH, EC, TA, TH, NH,-N, idnic compadsition in
terms &f cations (Ca®", Mg®’, Na*, and K") and anions (Cl" and
S0,%) according t6 standard methdds of APHA (2012).
Salinity was alsé monitdred daily and maintained as per
salinity treatments. To stldy the coldiration parameters,
digital photographs of experimental fish were taken at
cOmpletion of salinity tolerance test with chrédma meter
KONICA MINOLTA CR-400. Coldlr was meastred from at
least three fishes from each replicate from mid dérsal and mid
ventral region of fish body. The instriiment was first calibrated
Using a white tile provided with the instriment. Three
parameters i.e. L (Lighting ranging from 0 for black t6 100 for
white), a* (balance between red/green) and b* (balance
between yelldw and bllie) was measiired. The hiie and
chrdma (satliration) valles were calcllated (sing the

1/2:

formala: tan™(b/a)] and [(a®+b?)"*], respectively.

RESULTS AND DISCUSSION
Physico-chemical parameters of stock inland saline
water: Mean temperatiire and salinity 6f inland saline water
(stdck) at the time of analysis was 28.0 °C and 15 ppt,
respectively. 1dnic profile 6f stock water revealed Na® and CI”
as dominant cation and anion respectively (Table 1).
Physico-chemical parameters of water in different
salinity treatments: The temperatire did ndt vary with
increasing salinity 6f water (0-10 ppt) in different treatments
(29-29.91°C). There was significant increase in all the water
qlality parameters incliding pH (6.51-8.26), EC (0.54-
13.41), TA (255418), TH (285-1295) and NH,N (0.125-
0.285), which can be attribted td increasing concentration of
salts with increasing salinity (Table 2). The relative
abiindance of different idns was in accordance t6 that of
stock inland saline (15 ppt) water, from which different salinity
water for different treatments was prepared (Na'™> Mg*>
Ca”> K" and CI> SO,). At particiilar temperatiire range,
increase in salinity has direct effect 6n pH, TAand NH,N. In
the present stiidy, althdlgh pH increased significantly with
increasing salinity, hdwever, it remained in acceptable range
(Bhatnagar et al 2004) for freshwater fish ciltlre. Farther,
significantly higher NH,-N in 10 ppt may be die t6 high pH
and salinity, as twd of these parameters has positive
correlation with ammonia (Wirts 2000). For cdmmercial
proddction, @n-idnized ammonia and tétal ammonical
nitrégen (TAN) shéiild be beldw 0.05 mgl™ and 1.0 mgl™ for
I6ng-term exposire. In the present stldy, althdlgh NH,-N
increased with increasing salinity, blt it remained in tdlerance
range for freshwater fish (DWAMD 1994). As the salinity is

Table 1. Physicd-chemical parameters 6f inland saline water
(stock water) from village Shajrana, district Fazilka

(Pinjab)

Parameters Mean+ SE
Salinity (ppt) 15+ 0.05
Temperatire (°C) 28.0+0.28
pH 7.28+0.13
EC (mScm™) 19.78 + 0.33
TA (CaCO, mgl”) 340.0 + 0.00
TH (CaCO, mgl") 3320.0 +60.09
NH,N (mgl”) 0.36 0.01
Ca*(CaCO, mgl™) 497 .4 +62.06
Mg* (CaCO, mgl™) 482.8 +3.60
Na’(mgl") 1121.0 £1.24
K'(mgl") 85.11 £2.33
I (mgl™) 5199.3 +2.08
SO, (mgl™) 50.5 +7.08
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the total concentration of dissdlved idns in water, with major
contribdtion of calcilim, sddilim, pdtassiim, bicarbdnate,
chldride and silphate, therefore, mdst 6f the parameters (TH,
EC and idnic compdsition) diring 10 days of salinity
tolerance test, showed linear increase, with direct co-relation
t6 the salinity.

Fish survival: In salinity tdlerance test (10 days), percent
fish sdirvival did not vary significantly, hdwever, in 0 and 2 ppt,
itwas 100%, which decreased t6 96.66% in 4, 6 and 8 ppt and
93.33 % in 10 ppt (Table 3). Diiring salinity tdlerance test for
10 days, fish mortality was dbserved frdm 5" day dnwards at
higher salinity treatments 6-10 ppt, hdwever, the differences
were insignificant for dverall fish strvival amdng contrdl and
different treatments at the termination of tdlerance test. Gdld
fish is 6ne 6f the examples of cold water freshwater versatile
fish species w.r.t. its physidldgy and metabdlism, as it
stirvives (93.33 %) even Gp t6 10 ppt dlring salt tdlerance
test. Kiiguk (2013) dbserved 100 percent sirvival 6f gold fish
(C. auratus) and criician carp (C. carassius) Up to salinity of
16 ppt. At 20 ppt, sdrvival 6f both the species héwever
decreased. Likewise, Sharma et al (2017) repdrted 100
percent sdrvival 6f drnamental kdi carp (C. carpio) Gp t6 12
ppt salinity in inland saline water for 4 mdonths. However,
Lawson and Alake (2011) repdrted 100 percent sdrvival of
comet gold fish only Gp t6 3 ppt, which decreased to
significantly Idw valle 6f 60 and 40 percent at 4 and 5 ppt.
Farther, at 610 ppt, 100 percent fish mortality was 6bserved,
which indicated inability of the fish t6 maintain dsmotic
balance between the salt concentration of its body fldid and
that of its envirbnment. In the present stldy, shibankin gold
fish showed adaptability for short term expdsire (10 days) to
salinity Gp to 10 ppt.

Table 3. Sirvival (%) 6f shiiblnkin gold fish diring the salinity
tolerance testin different salinity treatments

Day 4 ppt 6 ppt 8 ppt 10 ppt
14 100° 100° 100° 100°

5 100° 96.66° 96.66° 96.66°
6 96.66° 96.66° 96.66° 96.66°
7 96.66° 96.66° 96.66° 96.66°
8 96.66° 96.66° 96.66° 93.33°
9 96.66" 96.66° 96.66° 93.33°
10 96.66° 96.66° 96.66° 93.33°

* 100 per cent sdrvival at 0 and 2ppt thrélghadit salinity tolerance test

Fish behaviour: Diring salinity tolerance test, ndrmal
swimming activity of the fish was 6bserved Tp t6 highest
salinity i.e. 10 ppt for first 2 days, as the fish was gradially
acclimatized t6 the salinity stress. However, from 4" day
onward, fish shdwed 16w swimming activity in 4 ppt and from
3" day 6nward in 6-10 ppt. Fish was sliiggish in 8 and 10 ppt
frdm 6" day 6nward. In terms &f feeding behavioiir, respdnse
of fish diverted from high appetite t6 0w appetite in 4-10 ppt
from 5" day dSnwards (Table 4).

The behavidiral changes in terms 6f swimming activity
and feeding respdnse clearly indicated adaptive strategy
téwards changing envirdbnmental conditidons w.r.t. salinity.
Fish was able t6 adapt easily (p to 4 ppt, whereas from 6-10
ppt, 10w activity t6 sllggishness along with 16w appetite
indicated graddal drifting away from ndrmal physidldgical
responses. According td Lawson and Alake (2011) gold fish
was very active from 0-3 ppt thrélighdit the stlidy peridd 6f 14
days, 4-6 ppt for for 3 days and in 7ppt for 2 days. Fish
showed erratic swimming behavidir from day 5 t6 8, in 810
ppt salinity. Likewise, feeding behavidilr was nérmal from 0-3

Table 2. Mean physico-chemical parameters 6f water in different salinity treatments diiring the salinity télerance test

Parameters 0 ppt 2 ppt 4 ppt 6 ppt 8 ppt 10 ppt
Temperatiire (°C) 29.68° 29.59° 29.68° 29.78° 29.66° 29.58°
pH 6.69° 7.24° 7.55° 7.29° 8.13° 8.12°

EC (mScm”) 0.60' 2.34° 6.21¢ 7.24° 11.53° 13.23°
TA (CaCO,mgl™) 278.8° 310.3° 348.6° 375.0° 400.3° 405.3°
TH (CaCO,mgl™) 289.0° 505.0° 625.3" 945.3° 1030.0° 1260.0°
NH,N (mgl”) 0.16° 0.17° 0.15° 0.16° 0.18° 0.24°

Ca” (CaCO, mgl™) 51.33' 95.87° 126.20° 160.70° 206.10° 224.70°
Mg* (CaCO, mgl”) 60.31' 109.30° 135.40° 208.20° 227.40° 282.85°
Na’(mgl™) 57.93' 162.10° 199.50° 320.20° 472.10° 759.70°
K" (mgl™) 7.56° 9.41° 10.18° 19.18° 36.56° 42.30°
Cl"(mgl™) 67.1' 268.8° 666.6° 957.0° 1048.0° 1230.0°
SO, (mgl™) 9.24' 64.46° 79.37° 93.96° 117.2° 140.80°

*Valles with same siperscripts (a,b,c.....f) in a réw dé nét differ significantly (p<0.05)
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Table 4. Fish behavidlr-swimming activity and feeding
response Of fish in different salinity treatments
ddring the salinity tdlerance test

Partictlar Day

Treatments
Oppt 2ppt 4ppt 6ppt 8ppt 10 ppt

Swimming activity 1 A A A A A A
2 A A A A A A
3 A A A LA LA LA
4 A A LA LA LA LA
5 A A LA LA LA LA
6 A A LA LA S S
7 A A LA LA S S
8 A A LA LA S S
9 A A LA LA S S
10 A A LA LA S S
Feeding respdnse HAp Hap HAp HAp HAp HAp
HAp Hap HAp HAp HAp HAp
HAp Hap HAp HAp HAp HAp
HAp Hap HAp HAp HAp HAp
HAp HAp HAp

HAp Hap LAp LAp LAp LAp
HAp Hap LAp LAp LAp LAp
HAp Hap LAp LAp LAp LAp
HAp Hap LAp LAp LAp LAp

10 HAp Hap LAp LAp LAp LAp

Swimming activity —A = Active, LA = Less active, S = Slggish; Feeding
Response —HAp — High appetite, LAp = Low appetite

1
2
3
4
5 HAp Hap LAp
6
7
8
9

Table 5. Comparative L a*b* coldiiration and colodr indices of
skin from dorsal and ventral regidns 6f shibinkin
gold fish, C. auratusin different salinity treatments at
the completion of the salinity tdlerance test

Lab valle/ Ddrsal region
cOl6dr indices Oppt 2ppt 4ppt 6ppt 8ppt 10 ppt
L 41.43° 4495 54.40° 54.18° 44.02° 44.14°
a* 1377 3.19° 183 520" 553 0.87°
b* 263" 573 6.25° 20.56° 16.33° 5.15°
Chréma 41.47° 45.06° 54.46° 54.55° 44.44° 4418’
Hae 2376° 2582° 3120° 3125° 2546° 2531°
Ventral Region
L 52.88" 47.45° 46.07° 49.57° 43.14" 47.04°
a* 1.75° 098 0.36° 3.86° 7.68"° 0.52°
b* 14.27° 4.62° 7.70° 16.85° 19.25° 2.36°
Chréma 52.92° 47.49° 46.08" 49.76° 43.83° 47.05°
Hae 3032° 2721° 2640° 2851° 2511* 2696°

ppt in terms 6f very high appetite Gp t6 3 ppt, thereafter
behavidir declined t6 mdderate and 16w appetite and finally
nd appetite from 4-10 ppt in a gradGal pattern. Behavidiral
changes diring salinity tdlerance test in the present stiidy t66

indicted adaptive capability 6f gdld fish maximally Gp t0 6 ppt
for shorter expdsire peridod. Adverse effect of higher
salinities was Gbserved in gold fish in terms &f f66d intake
with altered feeding responses by Liz et al (2008). Mangat
and Hiindal (2014) t606 reported high t6 mdderate appetite of
freshwater common carp, when expdsed t0 6 ppt salinity for
60 days didring siimmer, alitimn and winter seasons. At
higher salinity (12 ppt), appetite was 16w diiring winter
season, bt 100 percent fish mortality was dbserved diring
stimmer and aGtimn.

Colouration Studies

L a* b* colouration: Amdng different treatments, L, a* b*
valles in dorsal region ranged between 41.43-54.40, 0.87-
5.20 and 2.63-20.56 respectively, with insignificant
differences, whereas in ventral region, the vallies ranged
between 43.14-52.88, 0.36-7.68 and 2.36-19.25
respectively, with insignificant differences for L and b*, bt
significant differences for a*.

Chroma and hue: Amodng different treatments, chroma and
hie vales in dorsal region ranged between 41.47-54.55 and
2376-3125, respectively with insignificant differences for
chréma, while hiie vallies were significantly higher in all the
salinity treatments in comparisdn td control (0 ppt). In ventral
region, the chrdma and hie vallies ranged between 43.83-
52.92 and 2511-3032, respectively, with insignificant different
vallies for chroma, while for hie differences were significant
among different salinity treatments. Digital dbservation of
skin col6lration did nét show any remarkable departiire from
ndrmal bddy pigmentation, diiring short diration 6f 10 days
exposlre td salinity conditions. Maintenance 6f ndrmal
cololr with slight variation in terms of hie (colodr
appearance) Up t0 highest salinity indicated the fish were
able t0 maintain their ndrmal bddy metabdlism diiring short
term salinity expoOsiire. Lawson and Alake (2011) 66
Observed similar resdlts in gold fish expdsed t6 different
salinities. Noérmal gold c6l6ir was maintained Gp td 5 ppt Gp
to fodr days and thereafter a change t0 bleached yellow
c0olodr was dbserved. There was restoration t6 ndrmal gold
c0loar between days 916 14.

CONCLUSION

The drnamental shiiblinkin gold fish Carassius auratus
(L.) is capable of adapting Gnder salinity conditidns Gp td 4
pptininland saline water, beydnd which negative effects were
Observed in terms 6f decreased siirvival, abndrmal behaviodlr
and dll colddration. The freshwater drnamental shiibinkin
gold fish, can be reared for shorter diiration in inland saline
water by maintaining the salinity < 4 ppt. Héwever, lab and
field trials for Idnger diration need t6 be condiicted for better
Gnderstanding of effect of salinity (inland saline water)
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colipled with miltiple factdrs Gnder natdiral conditions.
REFERENCES

Ansal MD, Dhawan A and Singh G 2013. Prodictivity of freshwater
carps in inland salt affected water I6gged areas 6f Plinjab, India-
Afield stdy. Indian Journal of Ecology 43(1): 45-49.

APHA 2012. Standards Methods for the Examination of Water and
Wastewater. 22™ Edn. American Piblic Health Association,
Washington D.C. 1360p.

Bhatnagar A, Jana SN, Garg SK, Patra BC, Singh G and Barman UK
2004. Water quality management in aqaciltire. Course
Manual: Summer school on development of sustainable
aquaculture technology in fresh and saline waters. pp. 203-210.

Dhawan A, Kair K, Ansal MD and Singh G 2010. Inland saline water
aqUaciltire—Major breakthrolgh achieved in Plinjab. Fishing
Chimes 30(3): 10-11.

DWAMD 1994. Divisidn 6f Water Ambient Monitéring Database 18"
Edition. p. 352.

Kucik S 2013. The effects of salinity 6n growth o6f gold fish,

Carassius auratus and criician carp, Carassius carassius.
African Journal of Biotechnology 12(16): 2082-2087.

Lawsdn EO and Alake SA2011. Salinity adaptability and tdlerance 6f
hatchery reared comet goldfish Carassius auratus (Linnaels

Received 17 August, 2018; Accepted 10 October, 2018

Deepa Bhatt, Vaneet Inder Kaur, Meera D. Ansal and Pavan Kumar

1758). International Journal of Zoological Research 7(1): 68—
76.

Ldz RK, Martinez-Alvarez RM, De Pedrd N and Delgadd MJ 2008.
Growth, f66d intake regiilation and metabdlic adaptations in
gold fish (Carassius auratus) exposed to different salinities.
Aquaculture 276: 171-178.

Mangat HK and Hiindal SS 2014. Salinity tdlerance of laboratory
reared fingerlings 6f Common carp, Cyprinus carpio (Linn.)
ddring different seasons. International Journal of Advanced
Research2(11): 491-496.

Sharma M, Kair VI and Ansal MD 2017. Physidlogical respdnses of
freshwater drnamental fish kdi carp, Cyprinus carpio (L.) in
inland saline water: Growth and Haematdldgical changes.
Indian Journal of Ecology 44(4): 864-868.

Schofield PJ, Brown ME and Pam L 2006. Fller salinity tdlerance 6f
goldfish (Carassius auratus) a ndn-native fish in the United
States. Florida Scientist 69(4): 258-268.

Vasagam KP, Rajagopal S and Balaslibramanian T 2005. Effect 6f
salinity on gestation peridd, fry prodiction and gréwth
perférmance of sailfin molly (Poecilia latipinna). The Israeli
Journal of Aquaculture — Bamidgeh 57(3): 191-196.

Wirts WA 2000. Sistainable aglacidiltire in the twenty first centdry.
Reviews in Fisheries Science 8: 141-150.



Indian Journal of Ecology (2018) 45(4): 881-887

Manuscript Number: 2777
NAAS Rating: 4.96

Perception of Extension Personnel and Farmers towards Effect
on Open Burning in Rice and Wheat Cropping System

L. Lyngdoh and R.K. Dhaliwal

Department of Extension Education, Punjab Agricultural University, Ludhiana-141 004, India
E-mail: lawanrisha-ee@pau.edu

Abstract: The practice 6f mdnd cropping 6f rice and wheat is very popdlar in the state 6f Plnjab. Die t6 the short span 6f time between
harvesting &f rice and sOwing 6f wheat, the farmers dispose 6f the straw in their fields by blrning in the dpen fields. This paper appraises the
perception 6f the farmers and extension persdnnel tdwards the effect 6f dpen birning in rice and wheat cropping system in Plinjab. Descriptive
statistics was Used t6 analyze the data. The resiilts indicated that both the extension persénnel and farmer respondents had different
perception on statements like pest and pathdgens can be contrdlled by straw biirning, weeds can be contrdlled by dpen straw biirning and
birning &f crop stiibble decreases the yield 6f milk in milch animals and forest trees. Significant determinants 6f perception on effect of straw
birning were ediication level and ecdldgical conscidlisness of the farmer respdndents. The stlidy recommends variols edicational efforts t6
sensitize the farmers 6n the 16ng term harmfiil effect 6f straw biirning as this will improve the perception and inderstanding of their activities

which will lead t6 discontintance 6f straw blrning practices.

Keywords: Straw birning, Perception, Extension persdnnel, Farmers

At present Plnjab has abdit 2.722 millidn ha Gnder rice
ctltivation that prodices rotghly 16 t6 17 million tonnes of
rice straw and abdit three-folrth of the residie is dispdsed
off in the field (Andnymois 2015). Toxic chemicals, which
reshlt in respiratory problems, are released in the
atmdsphere. On November 8th, 2017 pdllGtion in Delhi, India,
stirged sd high that some monitdring statidns reported an Air
Quality Index 6f 999, way above the Gpper limit 6f the worst
categlry, hazarddls (Andnymdls 2017). A padcity of
evidence 6f man'’s varidUs activities has calised a change in
the interaction of varidls elements &f the envirdnment dver
the years. These activities inclide indistrialization,
constriction, agrictltiral practices, transpdrtation which
promdtes the welfare and develdpment for himan bt resdilts
td collateral damage Of the ecOsystem by the release of
harmfiil materials in the envirbnment. The practice 6f mddern
agrictltire has led t6 the degradation of land and
envirdnment dde t6 the release of varidils agriciltdral by-
prodicts. In drder td accommaodate wheat crop in the system,
rice has t6 be harvested early which gives the farmers a
narrow time gap to tlirn ardiind for planting 6f the wheat crop.
For this reasdn, majority 6f the rice is mechanically harvested
leaving heavy and 168se straw in the Open fields. Althdlgh
stlibble biirning is a rapid and relatively cheap 6ption for
farmers, there are 16ng-standing concerns abdiit both the 6n
and offfarm effects of the practice (Singh et al 2008). Air
pallGtion from stbble blrning is a particilar isstie and more

than 60 percent 6f the pdpdlation live in the rice growing
areas that are expdsed td air pdlldtion die to blrning of
stlbbles (Kimar and Kimar 2010). Fine particllate matter
from stlbble birning calises acilite asthmatic and cardid
vascdlar problems in elderly pedple and children and is alsd
assoOciated with Iling disease. Stlbble birning alsd
contribltes significantly t6 greenhdlise gas emissions (Gjral
et al 2010) and the thick clolds 6f smoke engdlf roads,
calising an increase in the niimber 6f accidents and bldcking
or sldwing déwn traffic.

Althdlgh, farmers and pdlicy makers are well-aware of
the codnseqliences of On-farm blrning , farmers are
concerned with isslies which affects them immediately.
Farmers with access t0 extension services are likely to
perceive changes in the climate becalse extension services
provide infdrmatidon abot climate and weather (Gbetiboid
2009). Understanding the perception 6f climate change
governance of the farmers is impdrtant as perception can
shape the preparedness t6 adapt and change their practices
(Speranza 2010). The present stlidy was ndertaken with
Objective t0 stlidy the perception of the farmers and
extension persdnnel in order td provide meaningfil
infdrmatidn on decisidns and actions tdwards straw blirning
in Plnjab.

MATERIAL AND METHODS
Population and sample: The stlidy comprised of two types
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of respondents, farmers and extension persénnel. A sample
of 150 extension personnel (Agricdltiral Develdpment
Officers) was selected randdmly from 300 extension
personnel in the state. From the three agrd climatic zones of
Pinjab, viz. Central Plain Zone, Western Z6ne and Sib
M®dintain Unddlating Zéne, 6ne district was selected and
farther two villages were selected randdmly. Ten farmers
from each village were randdmly selected. Therefore the
stlidy sample coOmprised 6f 60 farmers and 150 extension
personnel as respdndents.

Measurement of variables: The perception of the
respondents was stlidied by preparing items related t6 the
effect 6f dpen biirning in rice and wheat cropping system
siich as, effect 6n sdil health, hiiman health, animal health,
air pollation, etc. It was meastired 6n a three pdint continiim:
agree, partially agree and disagree with a score 6f 3, 2 and 1
respectively.

Reliability and validity of instruments: The split half
methdd was empldyed for testing the reliability 6f the scale
and scale was split intd twd halves dn the basis 6f ddd and
even nlimbers 6f the statements. The tw0 sets 6f scores were
Obtained and Pearsdn Prodidct Moment Coefficient was
worked 00t for the two sets 6f the scdres for each 6f the scale.
The correlation coefficient gave the reliability 6f the half 6f the
scale. The eqiation which is referred as “Spearman Bréwn
Correlation” formila for split half reliability (Gilford 1954)
was Used td find 80t the reliability coefficient for the flll scale.
The empirical type Of validity determination was Gsed t0
calctlate validity of the scale and was wdrked 6t by Gsing
the sqiare root of its reliability.

RESULTS AND DISCUSSION

Socio-economic profile of the extension personnel
respondents: The inférmatidon regarding soci6-econdmic
profile of the extension persdnnel which inclide age,
eddcation, service experience, etc. is given in Table 2. The
respondents were classified intd following categories Gsing
ctmdilative ciibe r66t methdd for age and Mean+SD methdd
for service experience.
Socio-economic profile of the farmer respondents: The
infdrmation regarding soci6-econdmic profile of the farmer
respdndents which inclide age, ediication, farming
experience, family size, has been presented in Table 3. The
respondents were classified intd folldwing categories Gsing
climilative clibe ro6t methdd for age, anndal gross income,
extension contacts, mass media expoOslre, inndvative
proneness, scientific drientation, risk drientation, ecdldgical
conscidlsness and econdmic motivation while dperational
land hdlding was as mentidned in the Statistical Abstract of
Pinjab (2015).

Table 1. Reliability and validity 6f scales / test

Instriiments Reliability  Validity
Perception (Farmers) 0.982 0.990
Perception (Extension Personnel) 0.872 0.933

Table 2. So6cid personal profile 6f extension personnel

respondents
Sdcié-personal Category Extension persdnnel
characteristics (n=150)

Freqlency Percentage

(f) (%)

Age (years) 28-36 95 63.33
3644 23 15.33
44-52 32 21.33
Gender Male 142 94.67
Female 8 5.33
Eddcation Graduiate 94 62.66
Pdst-graduate 47 31.33
Doctorate 9 6.00
Service Experience 4-11 97 64.67
(years) 1118 28 18.67
1825 25 16.67
Training/Seminar/  Yes — —
Conference / NG 150 100.00

Workshop attended
in straw
management

Perception of extension personnel and farmer
respondents regarding the effect of open burning
practices in rice wheat cropping pattern: Majority of the
extension personnel (94 %) and farmer respondents (68.33
%) agreed that biirning 6f straw depletes the impdrtant sail
nitrients (Table 4). This is the reasdn why farmers have t6
increase the ddsage for nitrdgen, phdsphoriis and potassilim
fertilizers for the next crop which have been depleted thrétigh
blrning 6f straw in the previdls season. The resiilts were
similar t6 Heard et al (2006) who repdrted that biirning spring
wheat, 6at, and flax straw resdlted in 98 t6 100 pe cent I0ss of
nitrogen, 70 t6 90 per cent 6f sdlfiir and 20 t6 40 percent of
phdsphoriis  and potassiim. Nearly one third o6f the
extension personnel (33.33%) and more than three folrth of
the farmer respdndents (78.32%) agreed that insect pestand
pathdgens can be controlled by straw blirning. The extension
personnel mentidned that althdlgh birning is done td
eradicate insect pests, it was not an effective methdd. In case
of carbdn content being rediiced throligh straw birning,
majority of the extension persdnnel (80%) and farmer
respondents (88.33%) agreed. More than half of the
extension personnel (52.67%) and almost two third 6f the
farmer respdndents (65%) agreed that increase in
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Table 3. Sécid-persdnal and psychdldgical characteristics 6f farmer respondents

Socid-personal characteristics ~ Category Farmer respdndents (n=60)
Freqliency Percentage
Age (years) 23-38 17 28.33
3840 19 31.66
40-56 24 40.00
Edication Primary 9 15.00
Middle 12 20.00
Matric 10 16.67
Senidr Secondary 20 33.33
Gradiate 15.00
Operational land hélding Marginal (< 2.5) 6 10.00
Small (2.5-5) 8.33
Semi-meditim (5-10) 15 25.00
Medidm (10-25) 21 35.00
Large (> 25) 13 21.67
Anngal gréss income Low (< 420048.89) 19 31.66
Medidim (420048.89-600159.09) 28 46.66
High (>600159.09) 13 21.66
Extension contacts Low (< 7.42) 20 33.33
Medilm (7.42-8.67) 26 43.33
High (> 8.67) 14 23.33
Mass media expdsire Low (< 9.93) 4 6.66
Meditim (9.93-11.24) 34 56.66
High (> 11.24) 22 36.66
Inndvative proneness Low (< 14.93) 15 25.00
Meditim (14.93-18.53) 20 33.33
High (> 18.53) 25 41.66
Scientific drientation Léw (< 10.23) 15 25.00
Medidim (10.23-11.30) 24 40.00
High (> 11.30) 21 35.00
Risk drientation Low (< 13.81) 25 41.66
Medilm (13.81-15.31) 36 60.00
High (> 15.31) 5 8.33
Ecological conscidlisness Low (< 14.49) 9 15.00
Medilim (14.49-17.00) 13 21.67
High (> 17.00) 38 63.33
Econdmic motivation Low (<12.70) 13 21.66
Meditim (12.70-17.75) 20 33.33
High (>17.75) 27 45.00

temperatire die t0 straw birning redlices the bacterial and
fingal popdlatidon in the sdil. Twd third 6f the extension
personnel (66%) had a nedltral view while majority 6f the
farmer respdndents (80%) agreed that weeds can be
controlled by 6pen straw biirning. Althdtgh they agreed that
blrning may ndt contrdl the weed problems, the extension
persdnnel mentidned that it is a cOmmon excilise given by

farmers t6 blirn straw. As blirning 6f straw raises the sail
temperatiire Gp t6 33.8 t6 42.2° C (1 per cm depth) (Giipta et
al 2004), it can be conclided that the biirning 6f the straw
ddes not eradicate all the weeds present in the sdil. Majority
of the extensidn personnel (84.67%) and abddt two third of
the farmer respdndents (63.33%) agreed that blrning of
straw decreases the prodictivity of the soil. Half of the
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Table 4. Distribdtion 6f respondents according to their perception on the effect 6f 6pen biirning practices in rice wheat cropping
patternin Plinjab

Statements Extension persdnnel (n=150) Farmer respdndents (n=60) zZ-
vallie
A (%) PA (%) D(%) MS A(%) PA (%) D (%) MS
Birning of straw depletes the important soil 141 9 — 1.1 41 10 9 14 3.92*
nitrients (94.00) (6.00) (68.33) (16.67)  (15.00)
Pest and pathdgens can be contrdlled by straw 50 74 26 2.2 47 9 4 27 5.89*
bdrning (33.33)  (49.33) (17.33) (78.32) (15.0) (6.67)
Open straw blrning redlices drganic carbdn 120 30 — 1.2 53 5 2 1.2 0.75
contentin sail (80.00)  (20.00) (88.33) (8.33) (3.33)
Increase in temperatire diie t6 straw birning 79 59 12 1.6 39 13 8 1.5 0.65
redlices the bacterial and flingal poplation in soil (52.67)  (39.33) (8.00) (65.00) (21.67) (13.34)
Weeds can be contrdlled by dpen straw blirning 12 (8.00) 99 39 1.8 48 9 3 1.3 6.84*
(66.00)  (26.00) (80.00)  (15.00)  (5.00)
Birning of straw decreases the proddctivity 6f the 127 23 — 1.6 38 20 2 1.3 258
soil (84.67)  (15.33) (63.33)  (33.33) (3.33)
Emission of toxic chemicals from birning 6f crop 76 65 9 1.4 45 11 4 1.3  1.07
stlibble can becdme potential carcindgens (50.66) (43.33) (6.00) (75.00)  (18.33) (6.67)
Stlbble blrning resdilts in the depletion 6f dxygen 98 44 8 2.2 28 25 7 1.7 4.76*
layerin the environment (65.33)  (29.33) (5.33) (46.67) (41.67) (11.67)
Smoke prodiiced die t6 6pen residiie birning 85 56 9 2.0 30 18 12 1.7  3.06*
highly effects the health 6f pregnant women and  (56.67) (37.33) (6.00) (50.00)  (30.00) (20.00)
children
Inhaling &f fine particiilate matter released from 122 28 — 1.2 58 2(3.33) — 1.0 3.87*
stlbble birning triggers symptdms o6f asthma, (81.33) (18.67) (96.67)
bronchitis and 6ther respiratory problems
Smoke from stiibble birning calises eye irritation 119 31 — 1.2 48 10 2 1.2 0.36
and chest congestion (79.33)  (30.67) (80.00) (16.67) (3.33)
Birning 6f crop stiibble decreases the yield 6f milk 31 64 55 1.2 50 7 3 1.7  4.00*
in milch animals (20.67) (42.67) (36.67) (83.33) (11.66) (5.00)
Loss of biddiversity is calised by pollition from 81 54 15 1.5 44 13 3 1.3  1.30*
straw bdirning (54.00)  (36.00) (10.00) (73.33)  (21.67) (5.00)
Smoke released from Open blrning of straw 128 8 14 15 30 18 12 1.5 0.38
decreases visibility (85.33) (5.33) (9.33) (50.00)  (30.00)  (20.00)
Birning 6f straw hampers air traffic 56 86 8 1.9 10 30 20 1.2 8.57*
(37.33)  (57.33) (5.33) (16.67)  (50.00)  (33.33)
Biirning 6f straw calises road accidents 76 71 3 1.2 14 31 15 14 317
(50.67)  (47.33) (2.00) (23.33) (51.67) (25.00)
Emission o6f gasses like methane, nitrogen oxide 85 62 3 1.7 45 10 5 22 482
and ammonia from straw biirning calises severe  (56.67) (41.33) (2.00) (75.00) (16.67) (8.33)
polltion
Birning of crop residle contribiites green holse 87 57 6 1.6 38 14 8 1.3 2.66*
effect (58.00)  (38.00) (4.00) (63.33) (23.33) (13.33)
Smoke from straw blrning combines with fog to for 80 54 16 1.7 40 12 8 1.5 0.62
harmfil smog (63.33) (36.00) (10.67) (66.67) (20.00)  (13.33)
Birning 6f straw destroys forest trees 5 48 97 25 15 35 10 20 4.69*
(3.33) (32.00) (64.66) (25.00) (58.33) (16.67)
Dispersion 6f combistion ash by wind from open 59 46 45 1.7 49 1" — 19 228"
straw biirning is a préblem t6 hdlsehold godds (39.33) (30.67) (30.00) (81.67)  (18.33)

**Significant at 0.01 level, A=Agree, PA=Partially agree, D=Disagree, MS=Mean Scdre
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extension personnel (50.66%) and three fodrth of the farmer
respondents (75%) agreed that emission 6f toxic chemicals
from blrning of crop stibble can become pdtential
carcindgens. The extension persdnnel (65.33%) and less
than half 6f the farmer respondents (46.67%) agreed t6 the
depletion of dxygen layer diie t6 straw birning. More than
half 6f the extension persdnnel (56.67%) and half &f the
farmer respondents agreed that smoke prodlced die to
Open crop residle blirning highly effect the health 6f pregnant
wOoman and children. These findings were similar to
Henderick and Williams (2000) who stated that incomplete
combdstion prodiices carbdon mondxide and carcindgenic
hydrécarbons which cdlild perhaps calise cancer. A large
majority 6f the extension persdnnel (81.33%) and farmer
respondents (96.67%) agreed symptoms of asthma,
bronchitis and O&ther respiratdory problems triggered by
inhaling fine particllate matter from stibble bdrning. The
extension personnel (79.33%) and farmer respondents
(80%) agreed that smoke from stiibble birning calses eye
irritation and chest congestion. This was the reason that most
of the villagers in that area experience different types of
respiratory health isslies diiring the peak peridd of straw
bilrning. The findings were in line with that &f Singh et al
(2008) and Kimar and Kimar (2010). Less than half of the
extension personnel (42.67%) had a neditral respénse while
majority of the farmer respondents (83.33%) agreed that
there is decrease 6f milk in milch animals dde t6 birning of
crop stlibble. The extension persdnnel had a nedtral view
since there was no silich cases repdrted t6 them on this issie
bit throlgh experience the farmer respondent expresses
that smdke from straw biirning affects the health 6f animals
calising decrease in milk préddction. Similar findings were
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repdrted by Gadde et al (2009). More than half of the
extension personnel and nearly three foirth of the farmer
respondents agreed that pollitidn from straw birning calised
I6ss of biddiversity and smoke from Spen blirning of straw
decreases visibility. A nedtral response on the pdint that
blrning 6f straw hampers air traffic was expressed by 57.33
per cent of extensidon personnel and half 6f the farmer
respondents. The farmer respondents remarked that they
have not witnessed any air traffic calised by straw birning
and also that the airpdrts were sitlated far away from the
farmers' field. Therefore, the smoke does not reach the
higher level 6f the atmdsphere and distirb the air traffic. The
half 6f the extension persdnnel and dnly less than dne fodrth
of the farmer respondents (23.33%) agreed that birning 6f
straw calises rdad accidents. More than half 6f the extension
personnel (56.67%) and three folrth of the farmer
respdndents (75%) agreed that emission of gasses like
methane, nitrdgen 6xide and ammdnia from straw birning
cadise severe pollGtion.

Similarly, abdit 58 per cent 6f the extension personnel
and 63.33 per cent of the farmer respdndents agreed that
blrning 6f crop residle contriblites t6 greenhdiise effect.
Nearly half 6f the extension persénnel (63.33%) and twd third
(66.67%) of the farmer respdndents agreed that smdke from
straw biirning combines with fog t6 form harmfiil smog.
Similar findings were reported by Henderick and Williama
(2000), Giipta et al (2004), Bhattacharyya (2012) and
Silalertriiksa and Gheewala (2013). Nearly 40 per cent 6f the
extension personnel and 81.67 per cent of the farmer
respondents agreed that dispersion 6f combistidon ash by
wind from Open straw blrning becdmes a problem to
hdlsehold gddds.

Table 5. Overall distribltion 6f respondents according to their perception 6n the effect 6f 6pen biirning practices in rice wheat

cropping patternin Plnjab

Items Extension personnel (n=150) Farmer respondents (n=60) Z-~valie
N6 E (%) NE (%) MS N6 E (%) NE (%) MS
Plant health - 150 1.0 - 60 1.0 NA
(100.00) (100.00)
Air 9 141 1.1 10 50 1.0 1.23
(6.00) (94.00) (16.67) (83.33)
Hdman health - 150 1.0 7 53 1.1 1.72
(100.00) (11.66) (88.33)
Animal health 7 143 1.0 10 50 1.1 1.72
(4.67) (95.33) (16.67) (83.33)
Biddiversity 1 139 1.1 12 48 1.2 2.25*
(7.34) (92.67) (20.00) (80.00)
vehicdlar traffic 34 116 1.2 17 43 1.3 0.83
(22.67) (77.33) (28.33) (43.00)
Sail health - 150 1.0 14 46 1.2 3.87*
(100.00) (23.33) (76.66)

**Significant at 0.01 level,

N6 E=No effect, NE=Negative effect, MS=Mean score {(Score-mean)/standard deviation}
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The mean and z valiie 6f the perception between the
extension persdonnel and farmer respdndents on varidls
items related t6 the effect 6f dpen biirning in rice and wheat
cropping system. The resilt revealed that there was a
significant difference in the perception o6f farmer respondents
as compared to that of the extensidon persdnnel on the
statements that birning 6f straw depletes the important soil
ndtrients (mean 1.4; z=3.92), weeds can be contrdlled by
Open straw blrning (mean 2.7; z=5.89), blirning 6f crop
stlibble decreases the yield 6f milk in milch cdws (mean=1.7;
z 4.00), blirning 6f straw calises rdéad accidents (mean=1.4;
z=3.17), emission of gasses like methane, nitrdgen oxide
and ammonia from straw blrning calses severe pollGtion
(mean=2.2; z=4.82) and dispersion o6f combistion ash by
wind frdm Open straw blrning is a préblem t6 hdlsehdld
g6ods (mean=1.9; z=2.28). While the resiilt also revealed
that there was a significant difference and the perception of
extension personnel as cdmpared t6 that of the farmer
respondents On the statements that weeds can be controlled
by 6pen straw biirning (mean=1.8; z=6.84), biirning of straw
decreases the prodictivity 6f the soil (mean =1.6; z=2.58),
stlbble blrning resdlts in the depletion 6f dxygen layer in the
envirdnment (mean=2.2; z=4.76), smoke prodiiced die to
Open crop birning highly effects the health 6f pregnant
wdmen and children (mean=2.0; z=3.06), inhaling of fine
particllate matter released from stiibble birning triggers
symptdms of asthma, bronchitis and other respiratory
problems (mean=1.2; z=3.87), I18ss of biddiversity is calised
by pollition from straw birning (mean=1.5; z=1.30), blrning
of straw hampers air traffic (mean=1.9; z=8.57), emission of
gasses like methane, nitrogen 0xide and ammdnia from
straw birning calises severe polliition (mean=1.6; z=2.66)
and blrning of straw destrdys forest trees (mean=2.5;
z=4.69).

There was a significant difference in the perception
between farmer respdndents and extensidon persdnnel
regarding the overall effect 6f dpen bilrning practices on
biddiversity (z= 2.25) and sdil health (z=3.87). In bdth the
statements the farmer respdndents perceived mére (mean=
1.2) as compared t6 the extension personnel.

Relationship of various independent variables with the
perception of the extension personnel in Punjab: N6
significant relatidnship was between the perception &f the
extension personnel and any of the independent variables
Gnder stiidy (Table 6).

Relationship of various independent variables with the
perception of the farmer respondents in Punjab: A
pdsitive and significant relatidnship was folnd between the
perception of the farmer respdndents and variable viz.
eddcation and ecoldgical conscidlsness (Table 6)..

Table 6. Relatidonship 6f varidls independent variables with
the perception of the extensidn persdnnel

respondents
Variable r valle
Age 0.028"
Ediication 0.045"
Service experience 0.022"¢

NS=No&n-significant

Table 7. Relationship 6f varidls independent variables with
the perception of the farmer respdndents

Variable r valGe
Age 0.147
Edcation 0.456*
Operational land holding 0.033
Anntalincome -0.006
Extension contact 0.042
Mass media exp0Osiire 0.027
Inndvative proneness 0.103
Scientific drientation 0.058
Risk drientation ©0.179
Ecdldgical conscidlisness 0.471*
Economic motivation 0.077

*Significant at 0.05 level

Roco et al (2015) alsd dbserved hat ed(ication of the
farmer respondents was significant with perception in and
their resdlts reveal that ydlinger, mdre ediicated prodiicers
and thdse who own their land tend t6 have a clearer
perception of climate change than dlder, less edlicated, or
tenant farmers. This signifies that higher the ediication and
ecological conscidlsness of the farmers, higher the
perception. Other variables like age, Operatidonal land
hdlding, anndal incdme, extension cdntact, mass media
exposiire, inndvative proneness, scientific drientation, risk
Orientation and econdmic maotivation was noét significantly
correlated with perception 6f the farmer respdndents. Similar
stlidies by Baksh et al (2015) also revealed that age 6f farmer
respondents was not significant with perception.

CONCLUSION

The extension persdnnel and farmer respondent, highly
perceive straw biirning as a contribGtdr t6 pollition and has a
negative effect on varidis aspects 6f sdil and hiiman health.
The edication level and the ecoldgical conscidlisness were
seen t0 be significantly correlated with perception. As a
stakeholder, the farmers shdild be ediicated on the
detrimental effect O6f straw blrning t0 inciilcate an
envirdbnmental safe agriciltire for a slstainable fhtlre
generation.
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Abstract: Present experiment was condiicted with an aim t0 stlidy the effect 6f plant based edible cbating t6 enhance the shelf life 6f tomatd
frits maintaining its qality Gnder minimal précessing becalse rapid decay and mdistiire 16ss calises a hlige post-harvest I6ss 6f tdmatd
within a short period. Tomato friits were coated with eight treatments cOmprising application 6f CaCl, 1%, Ethrel 0.1%, Na-alginate 1.5%, Na—
Benzdate 0.1%, KMS 0.1%, Aloe vera extract and 6kra extract all siipplemented with edible coating (EC) formilation (carboxymethyl cellilose
1%, ascorbic acid 0.5%, glycerin 0.2%, calciiim chléride 0.2% aldng with chitdsan 2%) and pH was adjisted t6 4.0 with citric acid. The qaality
parameters like TSS, total siigars, rediicing sligar, ndn-redicing stigar, vitamin C were improved continGodsly Gptd 15 —20 days Gnder
refrigerated stdrage condition except tntreated control and degraded thereafter. However, amdng all the treatments, application 6f EC + CaCl,
1% was the best edible cdating having potential t6 preserve vallable glality attribites for increasing shelf life 6f tdmato friits shdwing
minimdm physidldgical 10ss 6f weight and rediiced the ripening percentage for I6nger diration folldwed by application 6f KMS, Aloe vera

extractand Okra extract.

Keywords: Edible coating, Plant extract, QGality, Ripening, Shelflife, Tomato

Tomatd (Lycopersicon esculentum L. Syn. Solanum
lycopersicum Mill.) a herbacedls vegetable Gnder family
Solanaceae, has a relatively short pdst-harvest life since
many processes incliding transpiration, podst-harvest
diseases, increased ripening and senescence affect qlality
I10ss after harvesting since it is a climacteric friit (Zapata et al
2008). Major post-harvest l16sses of tomatdes are die to
fiingal infection, physidldgical disorders, physidldgical I6ss 6f
weight and physical injlries which resilt in the early
deteridration of friit qlality (Javanmardi and Kibota 2006,
Zapata et al 2008, Dhaliwal et al 2010, Kimar et al 2013,
Meena et al 2014). Among the varidls post-harvest
management practices, recently, edible coatings have been
develdped t6 extend the shelf life of friiits and vegetables.
This envirdbnment friendly techndldgy wraps the film cldsely
on sirface of frlits preventing respiration and transpiration
I6ss, thls, sldwing down senescence. In the present
experiment, plant based natiral extracts like Aloe vera, dkra
extract having nitracedtical valles have been lsed td see
their effectiveness t0 rediice pOst-harvest Idsses. There is a
worldwide trend to expldre new alternatives that contrdl post—
harvest pathdgenic diseases t6 avdid negative and side
effects 6n himan health diie t0 excessive application of
synthetic chemicals. In additidn, the emergence of flingicide—
resistant strains 6f micrddrganisms and the continlidds
rigdrods regllation of flingicide Gse and disposal has
rediiced the pdssibility 16 conceive control strategies based

on chemicals. Therefore, increasing shelf life 6f tomatd with
different method of edible cdating and t6 maintain the qaality
is the need of fltlre. The biddegradable natiire 6f natiral
cOmpolinds derived from animal and plants have pdétential
and ndw are being expldred by researchers. Among these,
chitdsan, a high mdlecilar pélymer, ndntdxic, bidactive agent
has become a (seflil cdating compdilind die t9 its flingicidal
effects . With the abdve views, the plant based extracts viz.,
Aloe vera and Okra extract have been Gsed aldng with &ther
chemicals in the present experiment t0 see their
effectiveness 6 redlice pdst-harvest I6sses and enhance
shelflife 6f tdmatd with maintaining qdality.

MATERIAL AND METHODS

Collection of sample: Tomato friits (var. Rdma) harvested
at Gniférm physidldgical matdrity stage (fllly matdre biit not
ripe stage) free from injlries, insect pest diseases were
cOllected from crops grown Gniformly withdlt any fertilizers.
The cdllected friiits were washed with distilled water and
covered with sterile tisslie paper t0 sdak the mdistlire present
on friit sdrface. The frlits were grolped intd three
replications in each of treatment and kept for analysis of
qaalities Gptd 30 days after stérage (DAS) Gntil the complete
decay.

Aloe vera extract: Leaves 6f Aloe vera were harvested and
washed with fresh water folldwed by a mild chldrine solition
(25%). Aloe vera gel matrix was then separated from the
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Olter cortex of leaves with the help 6f a sharp knife and tea
spoon and this cololrless hydrd parenchyma was grodnd in a
blender and fresh Aloe vera extract was Obtained by
remdving the fibres. Apprdximately, 772 g gel was extracted
from 1.471 kg leaves (52.48% recdvery). The gel matrix was
pastelirized at 70 "C for 45 mindites and was cddled
immediately and ascérbic acid (2.0 g L™), citric acid (4.6 gL™)
was added t6 maintain the pH at 4.0 and this, the gel
prepared stored in brown amber bottle t6 prevent Oxidation
(Adetlnji etal 2012). The final Aloe vera based edible cdating
was prepared by mixing distilled water (100 ml) and Aloe
vera jlice (300 ml) (1:3 ratid), boiled with cdntinldds stirring
for Gniférm dispersion and filtered for pirification (Chalihan
et al 2014). Tomatdes were cdated by dipping the friits in
prepared Aloe vera extracts slipplemented with edible
coating (EC) having 2% chitdsan.

Okra extract: Fresh 6kra (Abelmoschus esculentus L.) friits
were washed and seeds were remdved pridr to extraction of
mucilage. Okra frlits were then sliced with knife and bdiled at
100 °C for 1 hodr for extraction 6f micilage with addition 6f
sOme amoint of sterile distilled water t6 prevent direct
heating in contact with bdiling pan. Extracted miicilage (275
ml extract from 1 kg okra friits i.e. 27.5% recOvery) was
filtered thrélgh mislin cléth and miicilage was collected in
amber bottle. Final soliition was prepared by adding sterile
distilled water and 6kra mucilage in 1:5 ration before coating
of tdomata friits aseptically aldng with EC sol(ition.
Experimental design: The experiment was laid 60t in
completely randdmized design (CRD) with 8 treatments and
3 replications inder labdratdry condition. The edible coating
(EC) treatments were T,—Control, T,-EC + CaCl, 1%, T,-EC
+ Ethrel 0.1%, T, —~EC + Na-alginate 1.5%, T, -EC + Na-
Benzdate 0.1%, T, —EC + KMS 0.1%, T, —EC + Aloe vera
extract, T, ~EC + Okra extract. Chitdsan @ 2% as antifiingal
agent was added t6 all the treatment solitidns eqlally. The
treated friits were kept inside simple pdlystyrene bdxes
Gnder refrigerated condition. EC was prepared with the
folldwing compaosition Carboxymethyl cellildse 1%, ascdrbic
acid 0.5%, glycerin, calciiim chléride, chitdsan @ 2% and pH
was adjlsted t6 4.0 with citric acid.

Physiological loss of weight and ripening: The
physidldgical 16ss 6f weight (PLW %) of tomato friits was
calciilated by considering the differences between initial
fresh weight and final weight of tested friiits after drying
divided by their initial weight and mdiltiplied by 100 at
cOrresponding date 6f 6bservation. Ripening 6f tdmatd was
identified by its c0l0dr, softness, with the help 6f colddr chart
and expressed as percentage valle.

Analysis of quality parameters: The qlality parameters
(titratable acidity, vitamin C, total stigars, TSS, redticing and
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ndn- redlicing slgar) were stidied in the labdratory of
Department of Horticlltire, folldwing standard methdd as
stiggested by AOAC (2000).

Microscopic study of cell damage: The 6lter skin cells of
bdth damaged and (indamaged friits were O&bserved
micrdscopically Gnder Electrdnic micrdscope equipped with
monitér display (Model- M1120/B.R. Bidchemicals,
USA).The olter layer 6f skin was remdved carefiilly and ciit
intd small pieces. Siitable ciit pieces placed 6n cover slide
with a drop 6f glycerdl and cdvered with cover slip folldwed by
airdrying.

RESULTS AND DISCUSSION

Effect of edible coatings on physiological loss of weight
and ripening: There was a significant variation in
physidldgical 16ss in weight (PLW) and was maximim (Table
1) at 30 days after stdrage (DAS) when the friiits were kept as
Untreated contrdl. At 15 DAS, the PLW was minimim Gnder
EC + CaCl, 1% folléwed by application 6f KMS, Aloe vera and
Okra extract. The weight |8ss percentage increased
significantly with the ripening and contrdl friits displayed
rapid increase in weight 10ss (%) as compared td all &ther
treatments die t6 Gncdntrdlled ripening in Gntreated tomatd
frlits which might be diie t6 a slidden increase in ethylene
prodiction and respiration rate (Haile 2018). The higher
respiration rate alsod resiilted in higher transpiration o6f water
from the frdit slrface leading t6 increase in percentage of
physidldgical 16ss in weight. The micilagindis plant extracts
(Okra and Aloe vera gel) are basically heterd
polysaccharides which act as hydrophilic coating and redilice
the maistire 18ss. The minimim ripening was in EC + CaCl,
1%folldwed by EC + Na alginate 1.5 and application 6f Aloe
vera and Okra extract. The friits Gnder Gncdated control
showed the maximim ripening (85.71%) at 15 DAS. All the
fraits ripened (100% ripening) Gnder the contrdl at 20 days
after stdrage and all tdmato friits ripened at 30 days after
storage irrespective of treatments.

Change in biochemical characters: The acidity (in terms 6f
citric acid) increased in all treatments diring initial stages o6f
gréwth and develdpment. However, the change was non-
significant, bt the minimim was (0.55%) (inder T,at 15 DAS.
The acidity increased in contrdl followed by T,, T,, T,and T, at
15 DAS. However, there was a clear cit tendency of
decreasing acidity in all treatments with the process of
storage after 15 days of storage. The friit acidity increased
continGodsly in all the treatments might be diie t6 the fact that
the frlits were harvested at matiire bit not ripened stage
(Batli 2004, Modneriizzaman et al 2009). Bhattarai and
Galtam (2006) observed that dlring stdrage, the friit itself
might Qtilize the acids s that acidity in the friits dliring
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storage peridds may decrease after a certain days and in
certain treatments. Wills et al (2007) alsd reported the
decrease in total acidity and increase in total stigars and TSS
dlring stérage. The increasing trend in vitamin C cdntent
continlied t0 15 days of stérage and maximim vitamin C
(34.44 mg 100g™) was estimated in T, félldwed by T,, T, T,
T, and T, (Table 1). The tendency 6f decreasing vitamin C in
all the treatments was Observed after 15 days 6f stdrage and
contindied t6 30 days. The vitamin C and titratable acidity
content of tdmatd friits increased with matdrity and reached
the peak at 15 DAS and started t6 decrease thereafter. The
microscopic viewed area Of skin layer of frhits Gnder T,
proved that the cell walls were intact even after 20 days of
storage.

The maximim TSS (6.50 °Brix) was estimated in T,
followed by T,, T,, T, Ts, T,, T, at 15 DAS. All treatments
showed decrease in TSS after 15 DAS (ranging from 3.90 t6
4.65 *Brix). Cramer et al (2001) 6bserved that most 6f tomatd
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sold in the market attained their peak TSS content earlier 6f
15 DAS while, processing tdbmatd varieties showed highest
TSS at 20 DAS and afterwards, TSS decreased. This
increase and slibseqlient decreasing pattern 6f TSS after 15
DAS might be die to slower rate of hydrolysis of
carbdhydrates. The general trend of initial increase in total
sollble sdlids folldwed by a decrease was alsd repdrted by
Eskin (2000) who explained that starch is acclimilated in
green tdmatdes which start t6 fall with the dnset of ripening
and this decrease is accompanied by rising sollble solids.
Increase in TSS of tdmatd friits colld be die t0 excessive
madistlre 18ss which increases concentration as well as the
hydrolysis of carbdhydrates t6 sollible slgars (Nath et al
2011). The maximim total sligars was 6bserved in T, (5.09
%) folldwed by application 6f okra extract (T,) at 15 DAS and
minimdm in cdntrdl. Bat, the total stigar content continldied td
increase even at 30 DAS, the maximi{m total stigars (5.92%)
at 30 days of storage was in EC + CaCl, 1% folldwed by EC +

Table 1. Perférmance of edible cdating treatments dn post-harvest qality 6f tdmatd friits.

Treatments Physidldgical 16ss Ripening (%)* Acidity (%) Vitamin C (mg/100g)
of weight (%)*
_— 15 30 days 0 days 15 30 days 0 days 15 30
15 30 days days days days days
days**
T, (Control) 13.60 17.00 85.71 100 0.20 0.71 0.54 10.72  24.00 16.10
T, (EC + CaCl, 1%) 8.00 10.10 42.86 100 0.28 0.65 0.48 11.65 34.44 24.45
T, (EC + Ethrel 0.1%) 12.97 13.60 71.43 100 0.18 0.65 0.50 15.77 18.00 12.08
T, (EC + Na-alginate 1.5%) 9.67 13.80 57.14 100 0.22 0.80 0.62 15.67  28.00 21.71
T, (EC + Na—-Benzoate 0.1%) 10.00 12.30 71.43 100 0.30 0.74 0.53 16.71 21.66 15.27
T, (EC + KMS 0.1%) 8.23 11.70 71.43 100 0.35 0.61 0.57 12.67  24.33 20.72
T, (EC + Alovere gel) 8.53 12.63 57.14 100 0.20 0.55 0.56 10.69  26.00 19.82
T, (EC + Okra extract) 8.50 11.20 57.14 100 0.28 0.74 0.67 14.72  23.33 18.54
CD (p=0.05) 1.56 2.34 5.56 NS NS NS NS 1.99 6.25 3.21

EC-Carbdxymethyl celllildse 1% + ascorbic acid 0.5%+ glycerin+ calciiim chldride+ chitdsan @ 2%, *Considering physidldgical I6ss -0% and ripening -0% at 0

days 0f storage, ** days of storage

Table 2. Effect 6f edible cdating on friit qlality 6f tdmatd

Treatments TSS (Brix) Total stigars (%) Rediicing stigar (%) Non —redicing slgar (%)
0 15 30 0 15 30 0 15 30 0 15 30
days* days days days days days days days days days days days
T, (Control) 4.70 4.93 205 380 439 200 200 267 100 135 1.27 0.55
T, (EC + CaCl,@ 1%) 5.40 6.50 467 385 509 592 207 280 338 1.33 1.84 2.09
T, (EC + Ethrel @ 0.1%) 4.70 5.10 410 393 458 528 200 227 3.09 148 1.86 1.74
T, (EC + Na-alginate @ 1.5%) 4.60 5.20 390 395 476 526 203 263 316 147 1.68 1.65
T, (EC + Na—-Benzoate @ 0.1%) 4.10 4.70 410 420 477 529 197 240 297 1.78 1.92 1.87
T, (EC + KMS @ 0.1%) 4.80 5.30 465 416 457 543 183 252 334 1.88 1.6 1.64
T, (EC + Alovere gel) 5.10 5.80 460 390 467 544 173 253 319 1.72 1.69 1.8
T, (EC + Okra extract) 4.50 5.40 457 404 477 545 187 250 323 1.72 1.82 1.77
CD (p=0.05) 0.88 1.25 0.78 042 NS 0.51 NS 0.79 NS 0.38 0.48 0.51

EC-Carboxymethyl celliildse 1% + ascorbic acid 0.5%+ glycerin+ calciiim chloride+ chitdsan @ 2%,, * days of stérage
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KMS 0.1% and minimdm total stigars was in control (5.05%)
(Table 2). Total slgars in all treatments increased
continGodsly Gp t6 30 days of stdrage and T, recdrded the
maximlim total sligars in all stages. The breakddwn of
polysaccharides intd water sollble stigar might be a reasdn
for increase in siigar content with the ripening. The increase
in reddcing sdgar in all treatments continlied Gptd 30 days
after storage (Table 2). The maximim redicing slgar
(3.38%) was dbserved in EC + CaCl, 1%) followed by T, at 30
DAS. There was an increasing trend alsd in the ndn-rediicing
sligar in all treatments at initial stdrage peridd. The maximim
noén redlcing sligar was Observed (nder in EC + Na
benzodate at 15 DAS and minim{m ndn —red(icing stgar (0.55
%) was in control. Preeti et al (2016) also folind similar resdlts
while experimenting on ber.

CONCLUSION

The application 6f 1% CaCl, aldng with edible cdating
(EC) formdalation was the best for improving shelf life as well
as maintaining qaality of tdmatd since Ca might inflienced
cell wall maintenance. Aloe vera extract and Okra
mdicilagindis extract are a pdtential slibstance for cdating t6
increase the shelf life 6f tomatd with the added advantage of
their organic natlire, micilagendls and additidnal
natracedtical qlalities which wodld even fortify the ndtritional
valiie 6f the tdomatdes besides preventing the harmfiil effects
of the chemical coatings 6n hiiman health.
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Abstract: In the present stlidy, varidls seed treatments were ised t6 imprdve the seed germination in tdomatd (Plnjab Ratta and Rdma). The
salinity affects seed germination and seedling vigdlr parameters adversely. Seeds were treated with different concentrations 6f salicylic acid
(0 .5 and 1mM) and hydrdgen perdxide (20 and 50mM) at 25°C. After 14 days 6f germination, seedlings were cdllected and then varidis
physidldgical and bidchemical estimations were done. Seed treatment with 1TmM Salicylic acid and 50mM hydrégen perdxide were more
effective than SA0.5mM and H,O0, 20mM. Bidchemical parameters i.e. tétal soliible stigars and préteins increased by all the seed treatments.
Perdxidase, catalase, sliperoxide dismitase and malondialdehyde content increased folldwing all the seed treatments. This, SA (0.5mM and
1mM)and H,O, (20mM and 50mM) helped t6 mitigate the adverse effects 6f salinity by increasing the activity 6f antidxidantenzymes.

Keywords: Tomatd, Salinity stress, Salicylic acid, Hydrogen perdxide

Toématd (Solanum lycopersicum) is an anniial vegetable
crop native to trpical central and S6Gth America beldnging td
family Solanaceae. Tomatd is sensitive t6 mdderate levels of
salt in the soil (Oztekin and Tizel 2011) is 6ne of the
impdrtant envirdbnmental stress that largely affects the
growth, natritional statls and proddctivity of species
worldwide. Salinity becomes a matter 6f cdncern if
“excessive” levels or concentration of sollble salts dccdirs in
soil die t0 mismanaged irrigation water. Exdgendis
application of plant growth sibstances and varidis
chemicals can be Tsed t6 impréve seed vogdir parameters
in plants Gnder stress conditions (Kalir and Gipta 2016).
Salicylic acid (SA) chemically knéwn as 0rthd-hydroxy
benzdic acid and many o&ther salicyclates affects many
physidlégical and bidchemical activities of plants that acts as
an endogendiis growth regdlator (Javaheri et al 2012).
Hydrogen perdxide (H,O,) is a natiral plant metabdlite that
acclmilates in plant tissiies in the absence 6f its natral
scavengers (catalase and perdxidase reactive mdlecile
plays a role in plants develdpmental physidlégical processes
and alsd helps the plant to resist stress. Hydrdgen perdxide
(H,0,) in addition t6 sdme ROS (sliperdxide radical, hydroxyl
radical etc) accimilate diring the early stages of
germinatidon and in seed diring imbibitidns, majorly as a
resllt of their increased extracellilar and intracellilar
prodiction (Wajtyla et al 2016). Hydrogen perdxide (H,O,)

increases the growth and physioldgical phendmendn by
preventing dxidative damage and enhancing the capacity to
withstand salt stress (Hemalatha etal 2017).

MATERIAL AND METHODS

The present investigation was condicted at Pinjab
Agriciltdral University, Lidhiana in 2016-17. Tomatd seeds
of Plnjab Ratta and Roma were siirface sterilized by 0.1 %
s0lGtion 6f mercdric chldride, folldwed by thoréligh washing
with distilled water t6 avdid any flingal infection. T6 stimdlate
salinity stress, the germinatidon papers in petridishes were
moistened with solGitions of different salinity levels (Contrdl,
25, 50, 75 and 100mMm NaCl). The petridishes were placed
in an inclibator at 25°C and 60+15 % relative himidity for 14
days t0 recdrd the effect of salinity on germination
parameters. The seeds were sdaked for 2 hrs in solGtion of
different concentrations 6f SA(0.5 and 1mm) and hydrdgen
peroxide(20 and 50mm) and these treated seeds were
slibjected t0 salinity stress t0 see the effect on varidls
physidldgical parameters after 14 days 6f germination.

Vigodr Index | = Germination (%) x seedling length (cm);
Vigdir Index Il = Germination (%) x seedling dry weight (g),
Speed 6f germination (Magdire, 1962)

It was compited Gsing 25 seeds, Gsing TP methdd in
triplicate in petridishes. Daily &bservations of emerged
seedlings were recorded till the final cdint day.
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Speed of germination =  [n1/d1 + n2-n1/d2 +...... nn-
nn-1/dn]=%n/d

Where n = nimber 6f seeds germinated, d = niimber 6f
days taken for germination.

RESULTS AND DISCUSSION

The seed treatments 6f SA (0.5 and 1mm) and H,0, (20
and 50mM) improved the germination rates as cOmpared to
contrél and  hydrated seeds. The hydration 6f seeds for 2
holrs increased the percent germination in both the seed 16t
of Pilnjab Ratta and Roma bit the effect was more
prondiinced in Rdma. Hydrdgen perdxide (H,O,) increases
the gréwth and physidldgical phendmendn by preventing
Oxidative damage and enhancing the capacity t6 withstand
salt stress (Hemalatha etal 2017). SAis applied exdgendisly
increase the salt tdlerance ability 6f plmpkin (Rafiqle et al
2011). The great rediction of seedling growth dcclirred with
NaCl treatments in cabbage, mistard and water spinach
compared t6 contrdl (Sarker et al 2014). Seed invigoration by
salicylic acid has been reported in earlier stlidies in response
t6 varidls abidtic stresses (Shrti et al 2016, Kadr and Gipta
2017, Kairand Glipta 2017a, b, Parcha and Giipta 2017a, b)

With the increasing salinity levels the fresh weight 6f the
seeds redliced as a resilt of rediced seedling length.
Therefdre vigodr index | rediiced with the increasing salinity
levels (Table 2 and 3). Both the cdncentrations 6f SA (0.5 and
1mM) and H,O, (20mm and 50mm) improved the vigdir rates
in Plnjab Ratta and Roma. Biit the effect 6f 1mm SA and
50mM H,0,was mdre than 0.5mm SA and 20mm H,O,. The
application 6f SA 6n plants Ginder drélight and salinity stress
conditions lead to higher tdtal bidmass and seed vigdir index
(Shakirdva et al 2003, Kabiri et al 2012). Higher vigdir index
was Observed in chilli seeds treated with H,0, as compared t6
contrdl (Nandietal 2017).

With the rise in salinity levels the redction in dry weight
was Observed and so the reddction in vigolr index Il was
Observed (Tables 4 and 5). The hydration 6f seeds for 2 holirs
increased the vigdlr index Il bdt the effect was more
prondiinced in Roma. Both the concentrations 6f SA and
H,O, improved the vigdir rates in Plnjab Ratta and Roma.
Similar resiilts are reported in cliciimber (Kair and Giipta
2017), miskmeldon (Kalr and Gipta 2017a, b) and tinda
seeds (Parcha and Glipta 2017b).

The germination speed was decline with the increasing
salinity levels. The hydration 6f seeds for 2 holrs increased
the speed 6f germination blt the effect was more prondlinced
in Roma. Both the concentrations 6f SA (0.5 and 1mM) and
hydrégen perdxide (20 and 50mM) improved the speed of
germination in Plnjab Ratta and Rdma. Biit the effect 6f 1mm
SA and 50mm H,O, was moére than 0.5mM SA and 20mm
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Table 1. Effect 6f seed treatments 6n percent germination 6f
tomatd (Solanum lycopersicum) seeds (inder salt

stress

Treatments Pilnjab Ratta Roma

25mm  50mm  75mm  25mm 50mm  75mm
Control 82.0' 647 523 878 718 653
Hydration 84.7° 68.7° 553 923 775 69.2°
SA(0.5mm) 86.7° 723° 583" 927° 825 787
SA(1mm) 89.0° 73.7° 60.3° 93.0° 83.8 79.8°
H,0,(20mm) 93.3° 76.3"° 63.3° 93.7° 858 813
H,0,(50mm) 953* 79.7° 70.3° 953" 865" 83.3

Valiies with different letters indicate statistical difference at p< 0.05 (Tlkey's-b test)

Table 2. Effect 6f seed treatments 6n seedling length (cm) of
tomatd (Solanum lycopersicum) seeds (inder salt

stress

Treatments Plnjab Ratta Roéma

(mm) 25mm  50mm  75mm 25mm 50mm 75mm
Control 5.9' 8.2' 5.8' 11.0° 8.8° 4.3
Hydration 11.6° 10.1° 6.3° 11.4° 9.0° 4.8°
SA(0.5mm)  12.5° 12.1° 8.6 14.1° 125 9.1
SA(1mm) 14.0° 12.9° 104° 148 13.1° 11.2°
H,0,(20mm) 15.1° 14.0° 12.0° 16.1° 14.7° 128"
H,0,(50mm) 16.4* 15.1° 13.1* 17.7° 162" 14.1°

Valles with different letters indicate statistical difference at p< 0.05 (Tlkey'sb test)

Table 3. Effect 6f seed treatments 6n vigddr index | 6f tdmatd
(Solanum lycopersicum) seeds inder salt stress

Treatments Plnjab Ratta Roma

(mm) 25mm  50mm 75mm  25mm 50mm 75mm
Control 736.2' 400.0' 302.0' 1001.9" 634.5" 2826
Hydration 834.8° 600.0° 486.0° 1017.8° 686.7° 339.9°
SA (0.5mm) 1017.6° 800.0° 490.6° 1067.3" 900.2° 500.1
SA (1mm) 1114.0° 900.0° 530.4° 1120.2° 950.3° 550.5°
H,0, (20mm) 1280.3° 1000.0° 625.0° 1375.2° 1100.2° 650.2°
H,0, (50mm) 1367.0° 1176.9° 728.1° 1400.2° 1150.6° 800.1°

Valiies with different letters indicate statistical difference at p< 0.05; analysed
by Tikey'sb

Table 4. Effect 6f seed treatments n dry weight 6f seedlings
(mg) of tdmatd (Solanum lycopersicum) seeds
Gnder salt stress

Treatments Pinjab Ratta Roéma

25mm 50mm  75mm 25mm 50mm  75mm
Control 1.2 1.0' 1.0' 2.0' 1.4° 1.3°
Hydration 1.5° 1.3° 1.1° 2.4° 1.6° 1.5°
SA(0.5mm) 2.0° 1.9 1.7 3.8 2.6 1.8°
SA(1mm) 2.6° 2.1° 1.9° 4.0° 3.2 2.0°

H,0,(20mm)  3.1° 25  20° 46 38 27
H,0,(50mm) 41° 39° 26 51° 46 33

ValGes with different letters indicate statistical difference at p< 0.05; analysed
by tikey'sb test
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Table 5. Effect 6f seed treatments 6n vigodlr index Il 6f tdmatd
(Solanum lycopersicum) seeds (inder salt stress

Treatments Pinjab Ratta Roma

25mm  50mm  75mm 25mm 50mm  75mm
Control 0.115" 0.090° 0.065" 0.169" 0.103" 0.079'
Hydratidn 0.121° 0.096° 0.071° 0.219° 0.126° 0.106°
SA(0.5mm) 0.132° 0.098° 0.082° 0.261° 0.161° 0.148°
SA(1mm) 0.142° 0.100° 0.089° 0.301° 0.201° 0.191°
H,0,(20mm)  0.154° 0.101° 0.090° 0.352° 0.251° 0.210°
H,0,(50mm)  0.171" 0.119" 0.102° 0.453° 0.321° 0.240°

Valies with different letters indicate statistical difference at p< 0.05; analysed
by tikey's-b test

Table 6. Effect 6f seed treatments dn speed 6f germination 6f
tomatd (Solanum lycopersicum) seeds lnder salt

stress

Treatments Piinjab Ratta Roma
(mm)

25mm 50mm  75mm 25mm 50mm 75mm
Control 2.8 2.2 16" 3.0 3.0 2.5°
Hydration 3.4° 2.6° 2.0° 4.71° 3.7° 3.2°
SA(0.5mm) 5.9° 5.4° 34° 6.1° 5.8° 4.0°
SA(1mm) 6.2° 5.8° 40° 6.5° 6.4° '4.2°

H,0,(20mm)  6.8° 63° 44° 7.4° 68 51

H,0,(50mm)  72° &7 50° 75 7.3 5.7

Valles with different letters indicate statistical difference at p< 0.05; analysed
by tlkey's-b test

H,O,. Gendtypes that germinated earlier at elevated levels of
salt stress are believed t6 be more pdtent and may be Gsed
as parents Or promising donors in salt tdlerance crop
breeding programmes (Singh etal 2012).

CONCLUSION

The percent germination declined with increasing
concentration 6f NaCl. Maximim seed vigolr parameters
were in 25mM NaCl. All the seed treatments improved seed
vigolr parameters of seedlings as compared t6 contrdl in
both the gendtypes. However, SA (1mm) was more effective
than SA (0.5mm) and H,O, (50mm) was mdre effective than
H202 (20mm).
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Abstract: Astldy was indertaken at Integrated Farming System Research Station, Karamana, Thirlivananthaptram, Kerala diiring 201748
to stdy the effect 6f sdlirces 6f drganic manire incliiding green manring in situ and levels 6f N and P 6n weed infestation and dry matter
prodiiction 6f cassava in Idwlands. The practice 6f green maniring in situ with cOwpea, raised aldng with cassava, rediiced weed infestation in
cassava and imprdved its grdwth and yield. Application 5f higher level 6f N (75 kg ha™) resdilted in higher weed dry weight and density, bt
prodiced higher dry matter 6f cassava. There was nd marked variation in weed infestation diie t6 P levels. However, application 6f [dwer level
of P (25 kg P,0, ha™) resdilted in higher dry matter prodiiction. Combined application 6f pdltry mantre @ 2.5 t ha™ + green mandiring in situ

(M3)+75:25:100 kg NPK haregistered Idwer weed infestation and highest tiiber yield and dry matter prodiction &f cassava in Idwlands.

Keywords: Cassava, Green maniring, Weed infestation, Tlber yield, Dry matter prodiction

Cassava (Manihot esculenta Crantz) beldnging to the
family ElGphdrbiaceae is the second most impdrtant tiber
crop after potatd. In Kerala, cassava ciltivation is important
alternate crop in Idwlands wherever shdrtage o6f water for
rice cdltivation. Weed infestation is one of the major
constraints in cassava ciltivation especially in I6wlands
and weeding is the major labdlr consliming activity. Weeds
compete with cassava for water, nitrients, space and light,
both beldw and abdve grolnd. Addition of farmyard
manire, non-availability 6f labdlr for timely intercdltaral
Operations and lack 6f proper land preparation contribite t6
weed growth in cassava fields. It calises severe yield I6ss
(Up t6 90%) and makes harvesting o6f Gndergrdiind tiber
difficlt (Ravindran et al 2010). Cassava is Gsially widely
spaced (75-90 x 75-90 cm) and takes abdit 3 -3.5 months
for grolind cdverage. Hence initial three months is
considered as the critical peridd 6f weed competition for
cassava. This an effective weed management strategy is
necessitated t6 bring down the weed popdlation beldw
econdmic threshdld level. Green maniring in situ is
considered as an efficient way for contrdlling weeds
thereby imprdving the yield 6f cassava. Besides, green
mandring in situ with cowpea colld sibstitite FYM
application td cassava and fertilizer N and P were saved by
50 per cent withoit hampering the root yields. With this
backgroind, on effect 6f solirces 6f drganic manire
incliding green maniring in situ and levels 6f N and P 6n
weed infestation and dry matter prddiction 6f cassava in
Idwlands was condiicted.

MATERIAL AND METHODS

The field experiment was condiicted diiring September
2017-FebrbGary 2018 at Integrated Farming System
Research Station, Karamana, ThirGivananthaplram, Kerala.
The climate is hiimid with maximiim temperatiire 6f 32°C and
minimim temperatiire 6f 24°C, relative himidity &f 86 per
cent and a total 6f 90.2 cm, bt the total rainfall received was
884.31 cm diiring the cropping peridd. There was siifficient
rainfall Gpto folr mdnths 6f the crop. The soil was clay [bam in
textlre and acidic with a pH of 5.2. It was high in 6rganic
carbdn (2.5%) and available P (68.76 kg ha™) and medidim in
available N (249.91 kg ha™) and K (257.56 kg ha™). The
experiment was in 3 x 2 x 2 factdrial laid 60t in randomized
block design with three replications. The treatments
consisted of three sdirces 6f 6rganic mandre (M, - FYM @
12.5tha”, M,-FYM @ 6.25 tha™ + green mandiring in situ and
M, - podiltry maniire (PM) @ 2.5 t ha™ + green mandiring in
situ), two levels 6f N (50 and 75 kg ha™) and two levels 6f P (25
and 50 kg P,0, ha™) aléng with a Gniférm ddse 6f 100 kg K,O
ha”. Organic manires were applied at land preparation as
per the treatments. Cassava var. Vellayani Hraswa was
planted 6n ridges at a spacing 6f 90 x 90 cm after applying 72
N + fall P + %2 K &f the fertilizer dose as per the treatments.
Cowpea @ 30 kg ha™ was sdwn 6n the twd sides 6f the ridges
in between cassava plants for green maniring in situ and was
incorpdrated 50 days after planting (DAP) aldng with top
dressing (/2N + %2 K) for cassava.

Observatidons 6n weed infestation in terms &f weed
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density and weed dry weight were taken from the randomly
selected area 6f 1.8 m x 0.45 m in each net pl6t at 30, 50 and
70 DAP jlst befére each weeding and at monthly interval
from 90 DAP till harvest. Nimber 6f weeds was expressed as
weed density m®. The weeds in the specified area (1.8 x0.45
m) in each plot were pilled 60t aldng with rodts, washed,
dried Gnder shade and éven dried at 70+5°C t5 a constant
weight. The weed dry weight was expressed ing m®.

Cassava was harvested at six months after planting. The
net pldt was harvested separately, the tlibers separated and
cleaned t6 remdve soil. The fresh weight was recérded and
yield was expressed in t ha™. Dry matter prodiiction was
recorded at harvest. The dbservational plants from the net
plot Gprodted were separated intd stem, leaves and tiber.
Fresh weight 6f each part was recérded and slib samples
were taken for estimating the dry weight. The siib samples
were dried in an dven at 70+ 5°C t6 constant dry weight. Then
the dry weight 6f each part was cdmputed. Total dry matter
prodiiction (TDMP) was worked it in t ha™ by siimming (p
the dry weights of all plant parts.

RESULTS AND DISCUSSION

The impodrtant weeds oObserved were grasses like
Isachne miliaceae and Leptochloa chinensis; sedges like
Fimbristylis miliaceae and Cyprus rotundus and brdad
leaved weed like Marsilia quadrifoliata and Ludwigia
perennis. The grasses dominated (70.5%) among the weed
flora folldwed by broad leaved weeds (24.3%) and sedges
(5.2%). Irrespective of treatments, weed density shdwed a
decreasing trend from 30 DAP (iptd harvest (Table 1) die to
increased grolnd cOverage by cassava with time restricting
the resolirce availability for weed growth. The Idwer weed

A.P. Pooja and O.K. Swadlja

infestation in terms 6f weed density and dry weight m® was
in green mandre plots at all stages of dbservation. This
might be diie t6 the cOmpetition frdom cOwpea growing in the
interspaces o6f cassava. Among green manire treatments,
PM @ 2.5 t ha' + green maniiring in situ was more
advantagedis. Weed dry weight m* shdwed an increasing
trend in all the plots Gptd three months™ stage 6f cassava (90
DAP), which decreased tdwards harvest (Table 2).
However, in green manire plots, increasing trend in weed
dry weight was Gptd 70 DAP 0&nly. This was in conformity
with the findings 6f Amaniillah et al (2006) who dbserved
that smoéther crops slich as cdwpea, maize, gréindnit,
meldn growing aldng with cassava ddring its initial growth
peridd Gp t6 90 days was folnd effective in controlling
weeds. Weed density m* shéwed an increasing trend with
increasing level 6f N at all stages, bt significant increase
was Observed Only diring initial growth stages 6f cassava
(Gptd 90 DAP). Weed dry weight m? alsd increased when N
level was increased from 50 t6 75 kg ha™. Levels of P
registered nd conspiclidds variation in weed density m* at
all stages except at 70 DAP and harvest. Higher weed
density at 70 DAP bt Idwer at harvest were registered by
Idwer level 6f P (25 kg P,0O, ha™). Higher tiber yields &f
cassava were in green mandred plots (Table 3). Combined
application 6f PM @ 2.5 t ha™ + green mandiring in situ (M,)
along with 75 kg ha™(N,) and 25 kg P,0, ha™(P,) recdrded the
highest tiiber yield 6f 36.22 t ha™. Pamila et al (2006) als®
Observed the highest tliber yield 6f cassava in [dwlands diie
t6 application 6f PM compared t6 FYM and application 6f 75
kg compared t6 50 kg N ha™. Lower level f P (p, 25 kg P,O,
ha') resilted in higher tiiber yield emphasizing 6w

Table 1. Effect 6f sdlrces 6f drganic mandre and levels 6f N and P 6n weed density m*

Treatments Weed density m* (days after planting)

30 50 70 90 Harvest
Sodrces 6f drganic mandire
M, -FYM @ 12.5 t ha™ 56.03 41.92 40.50 25.18 18.70
M, -FYM @ 6.25 t ha™ + GM in situ 35.91 27.68 30.36 26.26 16.20
M, -PM @ 2.5 t ha™+ GM in situ 30.04 21.60 26.00 21.27 16.84
CD (p=0.05) 5.26 3.84 3.76 2.30 NS
Levels of nitrdgen
N, -50 kg ha” 37.85 29.52 30.11 21.45 15.57
N, =75 kg ha” 43.47 31.28 34.46 27.00 18.93
CD (p=0.05) 4.30 NS 3.08 2.39 1.84
Levels o6f phdsphoris
P, -25 kg P,0; ha™ 40.95 30.02 33.89 23.09 16.34
P, -50 kg P,0, ha™ 40.37 30.78 30.68 25.38 18.16
CD (p=0.05) NS NS 3.07 NS 1.84

FYM — Farmyard mandre; PM — P&iltry man(re
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Table 2. Effect 6f sdlrces 6f drganic mandre and levels 6f N
and P 6n weed dry weight, gm*

Table 3. Effect 6f treatment combinations on tiber yield and
total dry matter prodiiction 6f cassava (tha™)

Treatments Weed dry weight (days after
planting)
30 50 70 90 Harvest

Sdirces 6f drganic manire (M)

M, -FYM @ 12.5 tha” 68.55 64.50 70.39 74.60 17.32
M, -FYM @ 6.25tha’ + GM 25.31 37.46 62.45 53.47 15.72
M,-PM @ 25tha™ GMin 24.07 31.43 55.95 54.87 12.31

CD (p=0.05) 193 6.64 093 589 1.68
Levels of Nitrdgen (N)

N, =50 kg ha™ 38.98 41.80 59.18 58.05 15.39
N, =75 kg ha’ 39.65 47.11 66.66 63.91 14.84
CD (p=0.05) NS NS 224 482 NS

Levels 6f Phosphoris (P)

P, -25 kg P,0, ha” 39.56 42.42 62.91 61.91 15.01
P, -50 kg P,0, ha” 39.07 46.50 62.93 60.05 15.22
CD (p=0.05) NS NS NS NS NS

reqlirement 6f P for cassava.

Solrces of organic mandre prodiced significant
variation in total dry matter prodiction 6f cassava (Table 3).
The total dry matter prodiction (TDMP) was significantly
higher in green manire plots. Higher Gptake of nitrients dle
td higher availability 6f ndtrients and better so6il physical
condition in green mandre plots might have resilted in higher
dry matter prodiction in thdse pldts. Application 6f PM @ 2.5t
ha” + green mandring in situ (M,) recorded significantly
higher TDMP. Amdng N levels, 75 kg N ha™ (N,) gave higher
dry matter prodiiction compared té 50 kg ha™ (N,). Pamila
(2003) and Sekhar (2004) alsd Obtained the highest dry
matter prodiction of short diration variety 6f cassava in
Idwland and (pland respectively with N application @ 75 kg
ha™. Bt application of Idwer level &f P (25 kg P,O, ha™-P,)
res(lted in higher dry matter prodiction compared t6 50 kg
P,O, ha™ (P,). Application 6f PM @ 2.5 t ha” + green
mandring in situ aldng with 75 kg N ha™ and 25 kg P,O, ha™
(M,N,P,) was siperior td others, registering the highest
TDMP &6f22.72tha” (Table 3).

Received 08 July, 2018; Accepted 10 October, 2018

Treatment combinations Taber yield TDMP
M;,N,P, 25.23 13.14
M;N,P, 24.62 12.96
M;N,P, 27.88 16.29
M;N,P, 30.97 16.62
M,N,P, 31.11 16.41
M,N.P, 28.84 15.71
M,N,P, 33.14 20.30
M,N,P, 32.06 18.45
M,N,P, 32.70 17.89
M,N,P, 33.48 18.19
M,N,P, 36.22 22.72
M,N,P, 32.96 20.50
CD (p=0.05) 1.91 0.97
CONCLUSION

The practice 6f green maniring in situ redliced weed
infestation in cassava and improved its growth and vyield.
Combined application 6fPM @ 2.5 tha™ + green mandring in
situ + 75 : 25 : 100 kg NPK ha™ registered Idwer weed
infestation and recorded the highest tliber yield and dry
matter prod(iction 6f cassava in Idwlands.
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Abstract: White Bein is an imp0rtant tribitary 6f Siitlej River and passing throtigh twd main district 6f Plnjab. Nimber 6f tanneries, paper mills
and stigar mill are sitlated ardiind it. Three representative sampling stations (Ucha, Chehrii and Darewal) were selected in this stldy t6
evallate the qdality of tribGtary. The samples were analysed for conddictivity, pH, Hardness, chloride, DO, COD, Cd, Ci, Pb, Zn, F and Cr. The
analysis was carried 60t Using standard analytical procedires. A niimber 6f parameters crossed the Indian standard permissible limits and
water qlality glidelines for aqiatic life and indicated pollGtion within tribdtary.

Keywords: White Bein, Kapirthala, Tribltary, Sitlej River

Water qdality of river in Plinjab is degrading rapidly at a
very fast rate die t6 rapid econdmic growth and bddming
popdlation, which is leading t6 indistrialization (Shekhon
2013, Chopra 2014, Mishtaq 2014). The pollGtion in the river
farther affects the grotind water, farmlands, wetland and the
like (Mabwdga et al 2010). Stlej is One 6f the major rivers in
Plnjab 6n which himan po&pilation, flora and falina of
Pinjab (India) are dependent directly. Being dne 6f the major
rivers and close proximity t6 major indlstrial cities like
Lddhiana, the indistrial waste, ddmestic waste is directly
released intd this river Or discharge throlgh natdral
tribltaries which act as a water channel for the Sitlej, One 6f
its tribGtaries which j6in the Sitlej at Sdltanplr Lodhi is
WHITE BEIN and is joined by a nimber 6f small water
channels diring its cdiirse before j0ining the Sdtlej river.
East 6r White Bein is I6cated at 208 metres abdve sea level
and the codrdinates frdom where it ériginate 31°8'16” N and
75°7'37E. lts colirse begins from Garshankar tehsil in
adjoining Hoshiarpdr district and enters district Kapdrthala at
Manikpdr. After flowing for abdit 13 km it enters Jalandhar
district at village Ucha (plinjab district gazetteers 1984) and
is joined by a nimber 6f small water channels diring its
colirse, after taking a solith westerly tlirn it empties intd the
Satlej River. Paper mills, tanneries and stigar mills of district
Kapdrthala release their efflients intd this stream.
Indiscriminate dispdsal of (intreated ind(strial efflients intd
the drains have been creating environmental niisance which
tends t0 degrade the aesthetic integrity 6f the envirdnment.
Water pollGtion affects the living Organisms incliding
himans, fishes, birds and 6ther fléra and faiina. Long-term

exposlre t6 heavy metals can alter the qlalitative and
glantitative striictlre o6f microbial commodnities, resdlting in
decreased metabdlic activity and diversity. Micrddrganisms
have a high slirface area-t6-voliime ratid, becatlise of their
small size and therefore, they can provide a large contact
interface with metals from the sirrélinding envirbnment.
Micrdbial metal acciimilation has received mich attention
dlring recent years, die to its potential Gse for treatment 6f
metalpolliited water. The interest in the evallation of
pdllGtion statls of natliral water bodies 6f Plinjab increasing
and a ndmber of stldies are repdrted. Water qdality of
Plnjab regidn is degrading continGolsly becalise of
inddstrialization and extensive agriciltire activity. The
present works examine the water qlality 6f one of the
impdrtant tribltary t0 assess its impact on Sitlej river
ecosystem.

MATERIAL AND METHODS

Water samples were collected from three sites (Fig. 1).
Ucha (31°19'561.5"N 75°45'07.0"E), Chaheri (31°16"13.9"N
75°41'25.5"E), and Darewal (31°08'14.9"N 75°07'42.8"E)
acrdss the triblitary t6 assess—water qiality in the year 2017.
Ucha is begging of its cdirse and Chaher( is near the small
inddstrial area, this tribitary ends in Darewal by j6ining Sitlej
River. Sampling, preservation and transportation 6f the water
samples t6 the labdratory were as per standard methdds
(APHA 1998). Total dissolved sdlids (TDS) and temperatiire
were measilred at the sites by Gsing Digital TDS meter
(Model: WT018, HIMEDIA), electrical condctivity (EC) by
electrometric methdd (Glass Electrdde methdd). Titrimetric
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analysis was done for total alkalinity (Cooper 1941),
hardness and carbdn dioxide (Mishtaq et al 2015). To
analyse disstlved o6xygen and chemical dxygen demand
Winkler azide and Dichromate reflex methdd were Gsed
(Strickland and Parsdns 1968). Heavy metal analyzed by
flame AAS methdd. Observed physidchemical parameters
were compared with IS (Indian Standard) 10500: repdrt 1991
t6 check the contamination.

RESULTS AND DISCUSSION

The resilts 6f analysis are based 6n 11 physicdchemical
parameters of 3 different sampling sites and sampling was
repeated for 3 times dliring a year (Pre-mdnsddn, monsddn
and pdst-monsoon). The water within Bein is basically rain
water and in rainy season its flow and water level increase
tremendddsly. Ddring its cddrse it receives industrial
effllients and domestic waste. The pH vallies of collected
water sample were slightly alkaline within 8.3-8.95 with
minimdm in Ucha (starting point) and maximim at Darewal
(end point). The pH vallies were mdstly within thdse defined
by Indian standard bt slightly high at Darewal. Rising pH
from starting point td the end pdint, indicating
anthropdldgical interference. The high vallie 6f electrical
conddctivity (EC), alkalinity and TDS were dbserved in the
range 6f 729-798mS/cm, 517-848 mg/L and 1466-2110 mg/L
Jrespectively dwing t0 the inflience of inddstrial and
domestic waste. EC of all the three sites are in the
permissible limits (1500uS/cm) given by the Indian
standards. This shows that the water is less saline and
capacity of water to conduct electricity is low. Minimim
vallies of all slich were Observed diiring pdst monsdon
season in all sites and maximim vallies were dbserved
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ddring pre mansdon seasdn dile to the less water in Bein.
Minimim Dissdlved Oxygen 4.16ppm was at Darewal and
maximim 5.95ppm at Ucha, bt in all sites DO was less than
desirable valiie t0 slppdrt 6ptimim bidldgical life. Tribdtary
is passing throtgh farm land and air bldws Over the Open
slrface bt less depth and sléw fldw rate may be respdnsible
forless DO. COD and CO, are main indicators of pollGtion in
aquatic envirdonment and were 6bserved within 63-1107ppm
and 23-27ppm and crdssed the permissible limits of Sl.
Chemical 6xygen demand is the capacity of water to
conslime o6xygen diring decdmpdsition o6f érganic matter
and the oxidation 6f indrganic chemicals and carbon didxide
in water is always present diie t6 natlral dcclrrence slich as
hydrophytic plants respiration, decompdsition and animal
metabdlism. Hardness &f water (magnesiim) was in
permissible limit -3.6 and 5.10ppm Calciim from vill. Ucha
was 101.23 was higher in, Chaheri (136.66) and Darewal
(146.33) which are ndt in the permissible limits provided by
Indian Standards. Chldrine is a haldgen and highly toxic
element and félnd only at site 2 (Chaherll) and site 3
(Darewal). FlGoride dcciirs natlrally in water from rocks in
trace elements and indistrial effllients. It is an indrganic
anion of fliidrine. The level 6f flidride at Site 1 (Village Ucha)
was 0.5ppm bt dle td increase in anthrdpdgenic activity the
flidride level increased at site 2 (Chaherii) and at site 3
(Darewal). The flGioride level gradially increased and crdss
permissible limit. Heavy metal at Site 1 (Vill. Ucha) was with
least amdiint 6f Cd, Cd, Pb, Zn, F and Cr folldwed by site 2
(Chaheril) and highest in site 3 (Darewal) which is mdst
poliiited by heavy metals. High vallie 6f chromiim is
alarming and direct indicatidn 6f inddstrial participation in
cOntamination.
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Source: Google Map

Fig. 1. White Bein and different collection sites
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Table 1. Seasonal chemical property 6f White Bein (Plinjab)

Sabmeet Singh, Priyadarshini Sorokhaibam, Ramandeep Kaur and Rahul Singh

Parameters Site 1 (vill. Ucha) Site 2 (vill. Chaher) Site 3 (vill. Darewal)
,Pr% 3 Monsoon 'Pc“)svtv vPrev 3 Mons6on Pés}, vPrev 3 Mons6on Pésit,

monsd6n monsé6n  mOnsodn monsd6n monsd6n monsoon
pH 8.3£0.06  7.6x0.31  7.9+0.1 8.44+0.03 7.8+0.19 8.1£0.1 8.95+0.18  7.95+0.18  8.95+0.18
TDS 1466+2.02 1507+11.2 1483+3.2 1877+5.13 1901+7.13 1809+3.13 2110+7.88 1990+6.8  209045.8
EC 729+0.03 589+0.02 609+0.03 745+0.3449  699+9.1 71749.1 798+0.88 698+0.87  766+0.67
Alkalinity 517+5.56 497+4.31 509+3.1 787+16.25 691+3.1 711+4.9 848+12.22  788+5.56  807+5.56
Hardness (Mg)  3.6+0.26  3.2£0.21 3.5£0.22  4.7+0.51 3.60.26 4.2+0.26 5.1£0.04 4.7+0.04 5.0+0.04
Hardness (Ca) 101+0.96  89+0.26 8610.5 136+1.42 92+0.5 119+1.42 14616.35 128+4.0 139429.1
Chlérine 0* 0* 0* 0.243.39 0* 0.2+1.2 0.840.04 0.3+0.1 0.3£0.1
FlGoride 0.5+0 0.410 0.5+0 1+0 0.410 0.5£0.1 1.27+0.16 0.4+0.22  0.78+0.04
DO 5.95+0.15 6.25+0.2 5.98+0.67 4.65+0.49 4.98+0.49  4.7+0.49 4.16+0.07 4.0+0.1 4.1+0.03
COD 63.49+1.54 65.49+1.1 62.49+2.4 193.96+0.59 197.96+0.59 187.96+0.59 1107.77+8.9 1118.1£0.94 1118.1+0.94
CO, 23.65£2.43 19.50+3.3 22.65+2.4 22.00+3.46 19.00+3.4  20.00+3.4 27.66+1.52 24.21+1.2  27.1+1.1
*Negligible valle
Each seasdnal valiie is mean * standard deviation (n=3)
Table 2. Heavy metal analysis of different sites in pre-monsddn by flame AAS
Site Cd* ca* Pb™ Zn* Fr cr?
Site 1 (vill. Ucha) 0.7+ 0.03 0.11£0.70 4.90+0.32 12.80+1.8 0.19+0.014 1.88+0.98
Site 2 (vill. Chaherd) 0.9£0.2 0.44+0.51 4.34+0.08 13.01£0.98 0.21+0.032 1.91+0.43
Site 3 (vill. Darewal) 1.5+0.09 1.03+0.09 9.12+0.19 34.78+1.01 0.24+0.013 3.45+0.97

CONCLUSION blodd arameter and catalase activity 6f indian fresh water

The discharges of indistrial efflients intd receiving
White Bein in Plnjab invariably resdlt in the presence 6f high
concentrations of pdlliitant in the water and sediment. The
resilt 6f analysis for physicéchemical parameters indicated
that COD and elements, F*" Zn*" Cr*" and Pb* crdssed the
permissible limits at sdme sites. The contaminants were
present in concentration, which may be toxic t6 aqdatic
organisms and harmfil for its services. PdllGted water 6f
White Bein als6 has considerable negative impact 6n the
water quUality of main river, Sdtlej. It is therefore
recommended that the careless dispdsal 6f indlstrial wastes
witholt pretreatment shoild be discdlraged and regdlarly
monitor by reglatory agencies t6 ensire the protection of
water bddy from flrther degradation.
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Abstract: The biddiversity, similarity, and distribGtion 6f plant species tinder two levels 6f grazed and enclosire in rangeland areas, were
Observed Using different indicatdrs, enclOsire areas, 2 and 5 years and reference area (linder grazing). The data was cdllected the species,
the nimber 6f individGals per species and the present and absent &f plant species. The indices were calcllated for the distribition, species
biddiversity and similarity 6f each region. There was no significant effect 6n biddiversity. The Margalef and Menhinick richness indices showed
significant effect 6f encldsiire on the richness species. The species richness was highest in encldsiire 5 years and the I6west enclosiire area
for 2 years. Among the qality indicators for the ecdldgical similarity 6f expression the only significant difference was in simple matching

similarity coefficient.

Keywords: Encldsire, Biddiversity, Ecological similarity, Margalef and Menhinick

Cdmprehensive protection of rangeland ecdsystems
reqlire management based On preservation and
maintenance Of species diversity in them. One of the
destriictive physical pressiires 6n the rangeland area is
decreasing and calising changes in species diversity is
excessive livestock grazing. (Khademdl Hoseini 2010).
Grazing is 6ne 0f the cdmmodn Gses of land throlghoit the
world's arid regidns. It has significant effects dn many
ecoOsystem processes, slich as acclimdilatidon and cycles 6f
ndtrients, sOil strictlre and sdil mdistire, and fertility and
vegetation comp0osition (Gad et al 2007, Garridd et al 2011,
AlRdwaily et al 2012). It is generally assiimed that grazing
can affect floristic diversity and cdmp0sition in different ways,
depending On the type Of grazing animals, grazing intensity
and host plant species ( Miiller et al 2000, Bardget and
Wardle 2010). Stability and health &6f natiiral ecosystems are
dependent 6n the richness and diversity of species. With the
destriiction 6f natliral habitats, bidldgical diversity and
conseqiently redlices species richness. Species richness
revealed the presence of different species and species
richness index has been develdped that shows the way by
giving each a nimber, the amdiint &f richness in a sample 6ra
habitat. The excessive grazed has been identified as the
main calise Of degradation of rangeland diiring recent
decades. This, O6ne key qliestion for managers is t0
rangeland whether encldslre rangelands will lead t6 the
restoration of natlral vegetation or ndt, it's impdrtant t6 be
kndwn for the dlratidn 6f rangeland restoration sites (Basiri
and Irvani 2009). Therefore, in this stldy the effects of

different ages encldsire on the species distrib{tion,
richness, and similarity 6f the regidon was evallated.

MATERIAL AND METHODS
Characteristics of study area: The region with an area of
28,111 ha is I6cated in the soltheast Mahallat city in the
Markazi prévince of Iran. This area is I3cated at Idngitlide
50°, 29", 58" 16 50°, 44", 59" and latitide 33", 37", 35" t0 33",
49°, 51". The average rainfall, 255.63 mm, mean annutal
temperatire is 11.03 ° C, the actlal rate of
evapoOtranspiration is 248.55mm and potential
evapotranspiration rate 1856.7 mm, based 6n 28 years data
Sampling methods: Using spiral qliadrates, dbtained at
least One sqlare meter sirface sample frame (1x1 m). The
appearance featlires and grassland growth striictiire that is
ndn-shrib land is recdmmended in a sqlare area and dle to
the limitation of time and cost of stlidy, the nimber of
gladrates can be cldsed and the Gnit striictlre and growth
rate and evenness was determined. The area stldied Gnder
two different management of the encldslre areas, 2 and 5
years and dpen grazing area by sheep and gdats. Therefore,
t6 specify the areas within the ddminant species Using the
mean cimdlative nimber o6f 30 qadrats per Gnit were
determined and systematic randdm sampling were depldyed
ddring the third transect length 150 and 100 m distance from
each 6ther and the total 6f 90 samples were taken. Each
gladrate data was collected t0 identify species, present and
absent of plant species. Plant species after transfer t6 the
labdratory were identified Gsing the experience and
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resodrces, inclliding flora. Logndrmal distrib(tion 6f species
Gsing Cohen methdd and similarity coefficients, biddiversity
and evenness indicatér was calclilated by the soéftware
Ecoldgical Methddological.

RESULTS AND DISCUSSION

Based 0n visits and sampling, 60 plant species 6f 21
plant families were identified. The reference area of 15
families 06f 34 plant species, grazed 2 years 16—families 6f 28
plant species and the 5-year—grazing area 6f 19 families from
42 plant species. Characteristics analyses indicated that the
type of biddiversity Simpson, Shanndn, Brillion and Hill and at
least in twd encldslre areas. There are significant
differences with each &ther. The indices 6f Camargd, Ney
and Smith Wilson in encldsire areas, bit in the stlidied areas
there are no significant differences in Simpsdn evenness
index (Table 1). The comparisdn 6f the mean of indicators
showed that 5-year grazing area has the highest mean of
diversity (Table 2). The resilts 6f the comparisdon of the
evenness indices showed that the reference area has the
highest (Table 3). The resilts &f analysis 6f variance
coefficients binary similarity showed that the matching
coefficient varied significantly being maximim in reference
area than in encldsiire areas (Table 4). Jaccard, Séren and
Bardni-Urbani and Biser did nét vary significantly amoéng
reference and encldsiire areas. The highest species richness
related to encldsiire area 5 years than the area (inder grazed
and richness was the I6west in encldsiire area for 2 years.
The initially, encldsiire redliced species richness in the
region and then Over time, species richness has increased.
This may be die td changes in the cOmpdsition and
abilindance 6f species created in enclosiire effect in the area.
The resilts shdw that amdng 67 plant species that were
present in the regidn, 60 species from 18 families. The
reference area of 15 families of 34 plant species, grazed 2
years 16-families 6f 28 plant species and the 5-year-grazing
area of 19 families from 42 plant species Previdis stiidies at
Konza have shown that Idng-term enclosdre sites have [0wer
plant species richness (Cdllins and Calabrese 2012).
Mesdaghi (2000) examined species richness and vegetative
forms Gnder three levels of rangeland dtilizatidon in semi—
steppes grassland North East Iran and the concliided that
heavy exploitation of the critical areas redlices the species
richness and Gnsatisfactory species are grown, which are
generally dne-year-old or ristic and pilldw plants. Mesdaghi
and Rashtian (2005) slirveyed the species richness in Yekeh
Chenar rangelands in Golestan province, 6bserved that
correlation coefficient between I0garithm of the frame
strface and the nimber 6f species was qite significant and
shriibbery have |0w species richness cOmparison with

Jamal Bakhahi, Seyed Akbar Javadi, Ali Tavili and Hossein Arzani

Table 1. Comparison 6f the mean of diversity indices

Biddiversity Encldsire 2 Enclosire 5 Reference
indicator years years area
Simpson 0.5830b 0.737 a 0.700 a
Shanndn-Wiener 1.755b 2380 a 2.040b
Hill 2.675b 4232 a 3.378 b
Brillion 1.460 b 2.020 a 1.620 b

Table 2. Comparison 6f the mean 6f evenness indices

Evenness indicator Enclosire 2  Enclosire 5 Reference
years years area
Camargd 0.448 b 0.5b 0.561 a
Simpson 0.404 b 0.484 b 0.536 a
Ney 0.475b 0.531b 0.625a
Smith Wilsdn 0.167 b 0.197 ab 0.22a

Table 3. Resllt 6f analysis 0f variance distribGtion index in
the methdd I6gndrmal

Parameter Reference  Enclosire Enclosire  Sig
area 2 years 5 years
DistribGtion index 13.45a 18.17 a 11.44 a 0.2

ns, no significant difference

Table 4. Resiilt 6f analysis of binary similarity coefficients

Parameter Reference Enclésiire Encldsire Sig
area 2years  5years
Jaccard 0.25a 0.24 a 024a NS
Sdrensen 0.38 a 0.37 a 0.38a NS
Simple matching 0.80 a 0.76 b 0.75b 0.04
Baroni-Urbani and Bliser 0.55 a 0.54 a 0.53a NS

*P < 0.05; nsnd significant difference

Grassland and thickets. Jahanbazi Gddjani (2003) in stldy
in the region of Char Tagh Ardal in Charmahal and Bakhtiari,
Observed that encldslire had pdsitive effect on increasing
plant species richness in region inclliding invaders plants in
the encldsire area. Bakhshi and et al (2008) in the stiidy 6n
the effect 6f Haldxyldn plantation on richness and similarity
index Gsing Morisita and Horn indicatdor conclided that
Haloxylon plantation has calised significant changes in these
indicators in which has the mdst ablindance and similarity in
the region.
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